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CONTRACT TRIAL OF THE UNITED STATES 
SEAGOING BATTLESHIP ALABAMA. 


By LigeuTenant H. HAtt, U. S. Navy. 


The Alabama is a twin-screw, armored, seagoing battleship, 
and was built by the Wm. Cramp and Sons’ Ship and Engine 
Building Company, of Philadelphia, Pa., the general plans and 
specifications having been furnished by the Navy Department. 
The contract was signed September 24, 1896, the price being 
$2,650,000, and the time allowed for completion, three years. 
The price stated above does not include the armor, armor bolts, 
ordnance, ordnance outfit and a few articles supplied by the 
Government. The speed guarantee was sixteen knots per hour, 
to be maintained successfully for four consecutive hours, during 
which period the air pressure in the firerooms was not to exceed 
one inch of water, the vessel to be weighted to a mean draught 
of 23 feet 6 inches. No premium for excess of speed over that 
stipulated in the contract was provided for, but it was stipulated 
that a penalty at the rate of $25,000 per quarter knot between 
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sixteen and fifteen and a half knots be inflicted in case the speed 
fell below sixteen knots, and at the rate of $50,000 per quarter 
knot between fifteen and a half and fifteen knots, and in case the 
speed fell below fifteen knots it was optional with the Secretary 
of the Navy to reject the vessel or accept her at a reduced price. 
The weight of machinery was limited to 1,130 tons, including 
main engines, boilers and appurtenances, distilling apparatus, 
stores, spare parts, heating apparatus, tools in workshop, and 
water in boilers, condensers, pumps, pipes and stern tubes, but 
did not include turret machinery, capstan, windlass, steering 
gear and winches. The penalty for overweight was $500 per 
ton over 1,130 tons, and if this exceeded 5 per cent., then 
$10,000 further was to be deducted from the contract price of 
the vessel. 
HULL. 

The hull is constructed of mild steel of domestic manufacture, 
with frames spaced 4 feet apart, except where intermediate frames 
are placed, from the stem to frame No. 76; from this point aft 
they are spaced 34 feet. The thickness of the outer keel plate 
is ? inch, of the inner, $ inch, and of the vertical keel, 4 inch. 
The outer bottom plating is § inch thick, and the inner bottom 
plating @ inch. 

The ship is divided into two hundred and eighty-one water- 
tight compartments. The double bottom extends from frame 22 
to frame 75, a distance of 212 feet, and runs up to the armor 
shelf. It is 3 feet in depth amidships and is divided into seven- 
teen watertight compartments. Coffer dams 3 feet wide are on 
each side of the vessel and are packed with corn-pith cellulose. 
The upper deck, and the main deck outside the superstructure 
are laid with wood, the others are covered with linoleum. 

Hold.—In the hold abaft the engine compartments and for- 
ward of the boiler compartments are: Magazines, trimming 
tanks, store rooms, shell rooms and fresh water tanks. 

After Platform—On the after platform are: Shell rooms, 
Magazines, store rooms, steering engine, handling room for 13- 
inch turret. 

Forward Platform.—On the forward platform are: Shell rooms, 
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magazines, store rooms, handling room for 13-inch turret, trim- 
ming tanks. 

Orlop or Splinter Deck.—On the orlop or splinter deck are: 
Store rooms, magazines, shell rooms, ventilating-blower rooms, 
ammunition passage, coal bunkers. 

Berth Deck—On this deck are situated the sick bay, berthing 
space for men, quarters for officers and petty officers, coal 
bunkers. 

Main Deck.—On this deck are situated the berthing space for 
men, water closets, after 13-inch turret. 

Coal Bunkers.—There are thirty-two coal bunkers with a total 
capacity of 1,355.2 tons at 43 cubic feet to the ton. There are 
fourteen in the hold, with a capacity of 960.6 tons; eight on 


the orlop or splinter deck, with a capacity of 136.8 tons, and | 


ten on the berth deck, with a capacity of 257.8 tons. They are 
filled through chutes and trunks fitted between decks. The 
trunks are fitted with shunt doors at the top where they pass 
through the bunkers on the berth deck, and vertical doors at the 
bottom, so that the coal can be passed from these bunkers below. 
Armored shutters are fitted in the trunks where they pass through 
the protective deck. Trolley rails and buckets are fitted fore 
and aft in the outboard hold bunkers with portable sections in 
the wake of watertight doors, for the transportation of coal. 
Escape doors are fitted to all bunkers; those on the berth deck 
open to the main deck (circular plates), those on splinter deck to 
ammunition passage (swinging doors), those in the hold to deck 
of ammunition passage (circular plates). Steam fire-extinguish- 
ing pipes are fitted to all bunkers and holds. Over the water- 
tight sliding doors of hold bunkers are fitted screen doors in the 
shape of a hood, designed to take the weight of the coal from the 
watertight doors, so that they may be easily closed at any time. 

There are two ash chutes on each side fitted inside the vessel, 
the upper ends of the chutes extending above the main deck, 
where hoppers are formed inside, and so arranged that the fire- 
main pressure may be used to clear the chutes. Trolley ways 
for carrying the ash buckets are fitted under the deck beams 
above, leading from the ash hoists to the chutes. 
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Compartment. 
B— 7 
B— 8 
B— 9 
B—10 
B—II 
B—12 
B—13 
B—14 
B—I5 
B—16 
[a= "5 
C— 4 
C— 5 
C— 6 


B—43 
B—44 
B—49 
B—50 
C—17 
C—18 
C—I9 
C—20 


B—109 
B—II0 
B—III 
B—112 
B—113 
B—114 
B—II5 
B—116 
C—105 
C—106* 


Coal-Bunker Capacities —Hold compartments : 


Cubic feet. 
3,928 
3,928 
3,097.3 
3,695.7 
3,769 
3,766.5 
3,702.6 
3,692.6 
3,040.4 
3,104.8 
1,421.5 
1,421.5 
1,080.3 
1,080.3 


Total, 


Splinter-deck compartments : 


811.6 
811.6 
863.1 
863.1 
678.1 
678.1 
592.2 
592.2 


Total, 


Berth-deck compartments: 


1,018.5 
1,018.5 
1,070.3 
1,070.3 
1,336.9 
1,336.9 
1,187.8 
1,187.8 

941.1 

941.1 


Total, 
Total of all bunkers, 


ALABAMA. 





Tons. 
91.3 
91.3 
85.9 
85.9 
87.6 
87.6 
86.1 
85.8 
79.7 
72.2 
33 

33 

25.1 
25.1 


960.6 


18.9 
18.9 
20.1 
20.1 
15.7 
15.7 
13.7 
13.7 


136.8 


23.6 
23.6 
24.9 
24.9 
31 

31 

27.6 
27.6 
21.8 
21.8 





257.8 
1,355.2 
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Drainage System—For draining the compartments there is a 
14-inch main drain pipe of galvanized steel, which runs from the 
forward boiler rooms to the engine rooms. This pipe is fitted in 
order to enable large quantities of water to be removed by means 
of connections with the main circulating pumps in the engine 
rooms. It is fitted with screw-down non-return valves in each 
boiler room and with screw-down valves in each engine room, 
all worked from the deck above. The suction pipes leading from 
the valves in the boiler rooms do not dip into drainage wells, 
but have their mouths located as low down as practicable and 
covered with coarse strainers. The main drain pipe leads to the 
main circulating pumps, and is also provided with branches and 
flanges for connections to the principal steam pumps, other than 
the main feed pumps. 

Two manifolds are fitted, one forward and one aft, and others 
throughout the machinery space, from which pipes lead to each 
compartment of the double bottom, trimming tanks, principal 
lower compartments of the ship, and sea connections. Where 
pipes leading to these manifolds drain water from compartments 
above the inner bottom a small well is fitted, projecting 6 inches 
into the inner bottom, and a plate strainer is fitted around the 
pipes. The valves are worked from the manifolds only. Mani- 
folds are fitted with flanges for steam-pump connections. A 
5-inch drain pipe is run from the forward to the after manifold, 
connecting to the suction side of each, and with flanges for 
steam-pump connections. The drain pipe in each boiler and 
engine room is fitted with a flange for direct connection for the 
steam pumps in that compartment, in order that water may be 
drained from such compartments without passing through the 
manifold. 

There is no provision for draining the compartments above 
the protective deck other than by means of scuppers and port- 
able pumps. Small store rooms below the protective deck are 
also drained by portable pumps. The larger compartments are 
drained by sluice valves and with short pipes with stop valves, 
emptying into compartments reached by the main drainage of 
the ship. The coal-bunker compartments below the protective 
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deck are drained by means of the vertical sliding doors of the 
bunkers. The waste water from the bath and wash rooms is led 
by pipes to a tank situated in after athwartship coal bunker and 
is pumped overboard by a steam pump. 
The boats carried are as follows: 
1 36-foot steam cutter, 
1 33-foot steam cutter, 
33-foot launches, 
30-foot cutters, 
1 30-foot barge, 
2 30-foot whale boats, 
1 32-foot gig whale boat, 
2 22-foot dinghies, 
1 balsa. 


NO 


ut 


Hutt Dara. 


Length between perpendiculars, feet ........cccccccccosesccossoscsevessccusocces 368 
OE ss OE ig MR rbtcice ccnsuidata sicrdpedadinacelapitecuainicneteit 368 
OFOE Hig FUE I Finck bs ieinntsascdcncntnecknnmnenocabcavihe dak 373-1y; 
I, SNE I oo ric cis cknsnces sisbaneninccnsemtedonveiasuadises 72- 24 
See ein Fe SURE ins s:ch Acuescee. oomaipisbasuransuanesaerioces 72- 24 
DRAG: OE WEEE OO DOs ik. ec cieccvencisssvessiunridsccnsataiaerembaietiekss 5.1 to I. 
Depth in hold from top of main deck beams to top of floor, feet and 
ND iisnsndincsiicrit ashen adisigheinstiniabhedincaacaumedihlaiees 32- 44 
Height of superstructure above main deck beams, feet and inches....... I5- 14 
Draught forward, seagoing trim, feet............ssesccccccccccscsccccccvesccsecs 23.5 
GE, CURE DUR FRM ias i oan wha senn cides sdudsbclccecoosteevenbaesevkes 23.5 
MOR, CUNO WI, FOR sas onsen ns sirscvinsstniexechénvetonssieentabwns 23.5 
Displacement, seagoing trim (load draught), toms............scececeeeseeeees 11,562 
SE GR BE Ben OF Bing Dicknsins ssecexsbsnnvecependsvedanneasoins 47-9 
Area of immersed midship section, square feet............cscesececececeeeeees 1,610 
Center of gravity of L.W.L. plane, aft of midship section (frame No. 46), 
GOR sinned Conecuns cumniabahe says dauasidadatinkaddiidatestinakanieeaasat 1.5 
Center of buoyancy above bottom of keel, feet.............cesscececeseeseeees 12.95 
forward of midship section, feet..................20000 It 
gravity above bottom of keel, feet........cccccscocccossccccccscccees 29.81 
Transverse metacenter above center of buoyancy, feet................2.s0005 17.12 
Longitudinal metacenter, above center of buoyancy, feet..............0000 372 
Coefficient of fineness on extreme dimensions, .............cce.ceeeeceseneees 637 
OE MR SR ivienncsencsthiiates dedeavuroniindine .948 
OP Bk WE iblnnsdntee lds oxbadincssbcasi uewsduspicedoctaheseter .756 
Comite COMIN oii iccsnceniverjats iosnscdeenieesnvebqudorneaoneete 683 


Poe GF THis. Le cdstdcibegevesviqriatacigigteascunedidebsiaeakelnee 
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ARMOR. 


The armor consists of a side belt of hardened nickel-steel ex- 
tending 34 feet above the 234-foot load line to 4 feet below it. 
The outside surface conforms to the shape of the vessel, with a 
thickness of 16} inches at the lower edge of chamfer at top of 
armor, from which point it tapers to 9} inches in thickness at 
top of armor shelf. The maximum thickness of armor at the 
water line is maintained from the after end of the belt to the 
forward coal-bunker bulkhead. From the forward coal-bunker 
bulkhead to center of forward turret the armor tapers in thickness 
to 10% inches, from thence it tapers in 30 feet to 4 inches, which 
thickness is maintained to the bow of the vessel. 

The diagonal armor extends from the slope of the protective 
deck to top of armor belt at the forward and after ends of 
machinery and boiler spaces and has a thickness of 12 inches 
for its entire depth. 

The casemate armor above belt has a thickness of 54 inches. 
It is worked from the center of forward barbette to the center of 
the after barbette. The ends of the belt are formed by the diago- 
nal armor 54 inches thick worked from the sides of the vessel to 
the barbette armor. The superstructure armor is 5} inches thick. 

The doors through the armor are fitted with hinged armor 
plates and light plate doors. The armor forward and casemate 
on upper deck amidship is 6 inches thick. 

The barbettes are 15 inches thick at the point and 10 inches 
thick at the rear. The 13-inch turrets are 14 inches thick at the 
front and 14 inches thick at the rear. 

The forward conning tower is 10 inches in thickness. The 
armor plates are 7 feet above the top of support and are pierced 
with sight holes. The tower is fitted with a flat top 2 inches in 
thickness. 

The after conning tower or signal station is 6 inches in thick- 
ness, forged in one piece. 

A steel tube 7 inches in thickness by 12 inches inside diameter 
extends from the forward conning tower to the protective deck, 
to protect the electric wires, voice tubes, connections to engine 
room, telegraphs, steering gear, and engine tell-tales. 
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ARMAMENT. 


The main battery consists of four 13-inch breech-loading 
rifles, 35 calibers, mounted in pairs in two balanced turrets, on 
the fore-and-aft center line of the ship, on the main deck; ten 6- 
inch rifles on main deck; four 6-inch rifles on upper deck. 

The secondary battery consists of 

4 6-pounder Hotchkiss guns in cabins, 

2 6-pounder Hotchkiss guns on forward main deck, 

2 6-pounder semi-automatic Maxims on bridge deck, 

8 6-pounder semi-automatic Maxims on bridges, 

2 3-inch field guns on bridge deck, 

2 1-pounder Hotchkiss guns on bridge deck, 
4 1-pounder automatic Maxim guns in tops, 
4 Colt 6-mm. automatic guns on bridge deck. 

There are four tubes for torpedoes, two on each side, dis- 
charging directly from the berth deck. The turrets are trained 
by electricity and the 13-inch guns are elevated and loaded by 
the same power. The 6-inch guns are worked by hand on 
central-pivot carriages. 


MAIN ENGINES. 

There are two vertical, inverted, direct-acting, triple-expansion 
engines placed abreast of each other in separate watertight com- 
partments, the high-pressure cylinder being forward. Each 
cylinder is supported by an inverted Y-frame on one side, and by 
two hollow forged-steel cylindrical columns on the other. The 
high-pressure cylinders are steam jacketed around the working 
linings, and the intermediate and low-pressure cylinders are 
steam jacketed around the working linings and at both ends. 
There are no starting valves on the cylinders, provision being 
made for starting the engines by admitting live steam to the re- 
ceivers. The main valves are of the single-ported piston type, 
there being for each engine, one for the H.P., two for the L.P., 
and four for the L.P. cylinder. The main valves are provided 
with balance pistons, the cylinders of which form part of the 
upper covers of the valve chests. The valve gear is of the 
Stephenson link type with double-bar links. There are no in- 
dependent cut-off valves, but provision is made to cut off in each 
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cylinder varying from .5 to .7 of the stroke, by means of a block 
to which the suspension links are attached, which block can be 
moved by hand-screw gear in a slot in the end of the arm on 
the reversing shaft. 

The main pistons are steel castings, dished, and are each fitted 
with two packing rings % inch wide and #? inch thick. The 
piston rods and connecting rods are of forged steel. The cross- 
heads are of forged steel, and each has a manganese-bronze 
slipper, the sliding faces of which are fitted with white metal. 
The crosshead guide to take the thrust when going ahead is of 
cast iron bolted to the inverted Y frame. The back of the guide 
is recessed for the circulation of water. Cast-iron lips are bolted 
on each side of the ahead guide to take the thrust when backing. 
The eccentrics are of cast iron. Each backing eccentric is 
securely keyed on the shaft, and each go-ahead eccentric is 
secured to the corresponding backing one by through bolts in 
slotted holes. The eccentric straps are of composition faced 
with white metal, and the eccentric rods of forged steel. The 
I.P. and L.P. valve stems have manganese-bronze crossheads 
which take hold of the link blocks directly. Each engine bed 
plate consists of three sections of steel castings. The reversing 
gear consists of a steam cylinder and a hydraulic controlling 
cylinder acting directly on two arms fixed on the reversing shaft. 
The steam piston rod is secured to a steel crosshead connecting 
with the arms on the reversing shaft. The piston rod passes 
through the controlling cylinder. There is a by-pass valve on 
the controlling cylinder which is worked by a continuation of 
the stem of the steam piston valve. These valves are worked by 
a system of differential levers, the primary motion being derived 
from the hand lever on the working platform, and the secondary 
motion from a pin on the reversing arm. There is a stop cock 
in the by-pass pipe of hydraulic cylinder, and a pump for re- 
versing by hand is connected to the hydraulic cylinder. 

There is a double-cylinder, simple, inverted, turning engine, 
with cylinders 7 inches in diameter and 7 inches stroke, secured 
to the high-pressure ¥ frame. It drives a worm wheel in the 
forward end of the high-pressure crank shaft by means of worm 
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gearing and a second worm; the latter is made to slide on a 
feather key, and is held in place by a collar below and a remov- 
able key above it. A ratchet is fixed to the shaft of the engine 
for turning by hand. Each engine is fitted with a disc stop 
valve 13 inches in diameter, having a screw stem and a balance 
piston and a butterfly throttle. The main steam pipes of and 
above g inches in diameter are banded with }-inch steel bands 2 
inches wide, spaced 6 inches between centers. 

In each engine room there is a distributing oil tank supplied 
from the main oil tanks by a steam pump in the port engine 
room. The tanks are fitted with overflow pipes. Distributing 
pipes lead to the various manifolds, which are fitted with adjust- 
ing valves, and from the manifolds tubes lead to the various parts 
to be lubricated. The suction pipe of the pump is fitted with a 
strainer. 

ENGINE DATA. 


Cees; RN TE GE ARNE oii vtec ctncc tab cdeintnnneniatins tccegitiensapubeient se 3 
CN EF iscsi cic cstc ped ieteehinceicns 334 
Bes WI sila eas en i ea 51 
as MON oiciindaruecabnbcnasaueh ten piltcieupibaiabaivanaeaieed 78 
DRONE OE DUCE, HOI hci cisnos cccverses ens cnsterientinscunée;icetepiacstantdiecssats 48 
Valves, diameter of H.P. (one for each engine), inches..................eeeeeceees 14 
I.P. (two for each engine), inches............ccsescscscsscecece 20} 
L.P. (four for each engine), inches............csesesseseseees 18 
Balance pistons, Giameter O68. F5-F, WC W6 csscis si cecseesisescakssnceuseivesessvoseceess 8 
Bi cg: ME ierannhad <elewinian seniics seeasados nadie nee 8 
Reis, SIRs invesrcakcopctbcssconsetunsbsiess Viele wxbans 74 
Valve steans,:34.F..(s), Giamnetens DNR is asin sdcds sents ccnenitetnlatacveesederaeesas 2% 
Cie PAIGE, IONE. 5 5c ssnedorcosecteniepcones 1} 
Sos Ee UE TIN cacanncosinn chs pucteeaapeanateeagsoiseisevenens 24 
CVORGE FOIVO, TRING. 5 onsccecivcnes since vesyiiars 13 
BoP Cay SUG BS icsasss cccdscoctacstesibcektasesecsuclcaces 2} 
through valve, inches .......0.:ccscsscesescseeseee 1} 
inlay stone: Clie, QUI TNR iis otis oles vdr seis tadesatartevidusdscticiobeo mises 13 
Exhaust pipe to I.P. cylinder, diameter, inches..............sssssscccssssevesessesees 154 
L.P. cylinder (4), diameter, inches.........c.sccccsssessescoesooeee 15 
condenser (2), diameter, INChes... s.....5.006.0.0cesscocsssosessscces 204 
Volume swept by H.P. piston, per stroke, cubic feet...:........sscseseeeeseeeseeees 23.87 
LP. piston, per stroke, cubic feet... civassaviccsosssscacgeneseacs 56.13 
L.P. piston, per stroke, cubic f0t......:00<s-cccrssssoecvesesseses 132.12 
Ratio.of net area of H.P. to 1.P. pistons.........cccccccccccecesesersecscvcrsccsccscnces 2.35 


EP. 06 EP. POON ah, cc ccccve csconcacbeceovs scodes seaetvoccounes 2.35 
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Bain a0 eae cate OE TET UO DBs I aa ois cine pct vcvcscncicseincsinctnosacvodses 5.53 
Clearance of H.P. cylinder, per cent.,................sceeeeeee top, 20.06; bottom, 17.02 
Sol > QUOT, WOT CORE ic oc cciccecccnccesnseccesnee top, 20.71; bottom, 18.12 
Re IN, BOE DUE pcssccctoccecasecseccansntd top, 15.59; bottom, 20.28 
By SI, Si nada eA a nis wcicee omewiccercnbdecnasceeneecbacdiceks 73 
length from piston to crosshead, feet and inches..................000 7-2 
SUERTE, TOMIRMNET, TNOMON.. cnciencisestnnssntarhovitececdeessbassasyees 33 
Connecting rods, length from center to center, feet..................-ceceeeeeeceees 8 
CRMORNNN WE ES CN, TROWEN occ cccccscerscotovscnceecccscoes 7% 
POM SUING So csikons <pckdaveveustnccssclcleods 8} 
atin! hele, Ginmmetes, CN aig iis in isin siiccc caniossescésecesdcoes 45 
crosshead bolts (2), diameter, inches,...............cccseeeeeeees 4} 
crank-pin bolts (2), diameter, inches................cccecceesecees 4} 
CUGNIIOOE. FRM, HOMIE, BI CROS o.oo cccinssccavccscccreseceeseocasees 14 
| SER a eye 9 
axial hole, diameter, inches....................5 4 
Crossheads, surface (ahead), square inches...........c0sccesseccscsscesecosee sesseses 459 
ED, RNIN COIN is ncissinessicnevenicsueiencunmnesaresoeh 357 
Reversing gear, steam cylinder, diameter, inches................cececceeeeecerereees 14 
stroke, inches.......... pibuscugds dqdduberesasdceustbadckevedescleiadanede 20 


Shafting and Bearings ——The crank, line and propeller shaft- 
ing is hollow and of forged steel. The crank shaft of each 
engine is in three interchangeable sections, the cranks placed at 
angles of 120 degrees, and for the ahead motion follow in the 
order H.P.,1.P.and L.P. There is one section of line shafting 
supported on two spring bearings. The propeller shafts are 
covered with a composition casing from the forward coupling to 
1 inch inside of propeller hub; they extend far enough inboard 
to allow the inboard stern bearings to be withdrawn without 
moving the shafts. The inboard coupling of the propeller shafts 
consists of a forged-steel collar 15 inches long secured by three 
steel keys. Back of this collar another collar is fitted in halves, 
of the same diameter, and secured to it and to the coupling on 
the line shaft by six 34-inch fitted-steel bolts. 

Each thrust bearing is of cast iron of the horse-shoe pattern. 
The end and side walls of the pedestal form an oil trough in- 
side of which, both forward and aft the horse shoes, is a com- 
position bearing lined with white metal for taking the weight of 
the shaft. The cap of this bearing is of cast iron lined with 
white metal. There is an oil cup in the top of each horse shoe, 
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from which there is an oil hole to each collar, the white metal 
being channeled for the distribution of the oil. At each end of 
the bearing there is a divided stuffing box and gland to prevent 
the escape of oil. The pedestal is bolted to a cast-iron sole plate 
fitted with wrought-iron wedges at each end of the pedestal for 
acjusting the bearing fore-and-aft. 


CRE TEN, CNIS, TIER asi hein sisson sc pig Sinedcteensncsapnashinnhspneeniaios 143 
SRR TN; UMNO TCI ia os stents wsiia kcivannascdcdeetonier 74 
Coupling disc, Ginwneter, TOCRES. 5... cesss ccs occocsesssccssocccers 274 
NE, CRN gc sictstinsiccacdeoestens eutsueece 34 
tapered coupling bolts in one flange (6), diameter, inches.... 34 to 33 
STUNT, CHPGMIUNE, SINNED occas: ci scare uasapevedascncweenvinnion 144 
I IE idincsinsisnsiarectndestsidinguidigicosseies 163 
length of each section, feet and inches,.............sccseceerseeeee 8-10 
Cees Bite, CHMMNIONN, Pci cssacccnccosvacsascoquvnes cncoeggtdgeohedessiarvesdouet 143 
POG CG aa don Dace iebanetscsenedthesinsdkiakchscabucseacesaie 17 
SOE TO, Ne, oo stiviisek on wintriiacienasodsesantlien 74 
CR: BR ME SO alegvekds0vciierinsenisniaierdesasairescantaesmtanbacnaas 16} 
I Man ak snsiducncadvonntsacunathduptietiedicnmesaadoeas 10 
FRR AT, Ce, ince siaectntncnvinincsicidacanscastvdusebiactddoverstabes 14 
Of coupling: Giets, IRCRES........ccccs.cceesasccossencsecees 274 
RENE NTR, CINE, CO ak cia scnncivvickeisnrecenssiasvadcosonsi 9 
SUNN, IAs GPEN Pia cc eisicdbovaccickcecevédepcssdssicorivare II 
GOAT, TREES sisi estes vbdgiacdoasoiskovcavnbie 21} 
Ns SONI ose secctinssiaenectsssshndpiaiirnbioniates 2 
Geptaee DECOR, TNO 5c inciedccescncssrenecvesescccopais 34 
surface, total for both engines, square inches,...............s000¢ 4,600.48 
Leia TaOt SNE IO oon sis és 5. cacebcecdecespossccstsoobkoesact ees 12-6 
Rice ahicin: Ci Tia ai ie shed ns cine ci tide ccnetdciwdscebcdcentdicdev eer sbetel 14 
OE eee UE BONO iris sss this doves secimnninitshminesvenees 9 
diameter of coupling discs, inches, .......:00000-scessecceseseeosesene 274 
Chel SN FINE GUE TRIN ai. cnsssseveksscesscsecucssineseievi pave 36-6 
PeapeTae Te, GA TI onic ceccscierenheressassacsatipaanstvicournniece 14} 
EE A, I I ig occ tcc apenrnrsedilcnatiedwineseres of 
SGI, FOO COE TR isco.s ec sicevnsssscvosne sas iden arscssepenacbia 52-48 
Storm beacket bearing, WOR, TRACI 6 o50000<s5sccrscsrnanabaorecosasosieasccokonsce 43%! 
NIUE, TOI sng cccesorcscicuiasnermeerseparstnkcentsets 1634 
Stern-tube bearing, length, forward, inches,,...........::ssesssessessssesseeeees eee 33 
is BD res seinavnigncncnnieseinnickindutasthaindinioite 36 


Main Condensers —There are two main condensers, one for each 
engine. The shells are of wrought-steel plate, stiffened with tees, 
butted with a single-butt strap on the inside, and with angle iron 
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riveted around each end to form flanges for securing the water 
chests. The water chests and the tube sheets are of composition. 
The circulating water passes through the tubes. Baffle plates 
are fitted to direct the steam over the tubes, and plates are fitted 
for supporting the tubes and to act as baffle plates. The water 
chest for the entrance and exit of circulating water has a 
division plate fitted with a valve worked by a lever on the out- 
side of the condenser to allow the circulating water to pass over- 
board direct when the valve is open. 


Diameter of shell (inside), feet and inches.,..:...........cccceccossccecscecees 5-104 
IN ie Cans ct van nia ben naadoonnbdaeeeeedebancdnbitepeineewesé ts 
RAE CPOE DHGEE, TOUT RE GB nn ccs ednsscerocessnestateeceseterecsocecess 13- 85 
MEE IIE Bcc cincntocecrcsshvcersosecssigessensecgshvestsesnes $ 
length between tube sheets, feet and inches.................c00eeeeee 11- 6 
is aii ei vecsenenacdoocensedtcocatecutcesace .049 
Ne SO cnc cspaccsadenndcacesennsaceesbnetinyesccs 35722 
Cooling surface, each condenser, square feet...............csceececececeeserers 7,002 
NE II aiticingicatnntcscdacaidanacianccovnkeuatenekass 14,004 
Ratio of total cooling to total heating surface.................ccseceececececees 1.55 


Main Aw Pumps—For each engine there is a Worthington 
twin-cylinder, single-acting air pump. The steam cylinders are 
placed directly over the pump cylinders, the pump rods and 
piston rods forming a continuous length. The pumps are con- 
nected by means of a beam which is pivoted at its center, and 
from which beam the valve motion is actuated. The beam re- 
ceives its motion through links swinging from crossheads on the 
pump and piston rods. The pump valves are each made of three 
flat discs of rolled manganese-bronze. 


Eremepater OF GtRnee GyTROi £4), TCR o.oo ccccccscccoccctosenoscccencsescsvecenscseons 12 
ID NED CON, SUR cc cncconesssnsearavccnuseskpcepsesstersipeecmenes 25 
PIES HNN nalcrhisrhcusslcseerinnaractsailacnstsnenstasencteredavenectsidupiciveseenescada 18 
SPOON GE ree OUND, MMIII <n. ccs cctenasasereroncsicserterSarnecdseseserrotaveteostase 2, 
Ra << oo satune sn diaseuaagiediaslethinn sue nadicienslacredeeseasieh 2} 
Kind and diameter of pump valves (manganese-bronze), inches................000+ 4} 
Ratio of volume swept by L.P. piston per stroke to that of the two air pump 
PT Mo cakisscudnevccarnaeuecesnershansdesdaatasenoadbchacbousiestedévers 13.08 tor 


Main Circulating Pumps——For each main condenser there is 
a centrifugal, double-inlet circulating pump, which is arranged 
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to draw from the sea, bilge and main drain pipe, and to dis- 
charge into the condenser. It is driven by an independent, verti- 
cal, single-cylinder engine. Each pump is capable of discharging 
10,000 gallons of water per minute from the bilge. The sea and 
bilge injection valves are fitted with a self-locking arrangement 
so that both cannot be opened at the same time. 


nee OE I I: CE fa ioe sc cnn deecebsctuparcesanseinaariessticsssomiatices 14 
I I ilies eaicecck sovccssnapeaksgas puvae dpe wantbanticapnpyenactaneeraaed 12 
RE OF RI FERRE, CII oa osc sccecvodeverds pas coepaospocoinbesszansnachddeseted 54 
Pee HE TORIE, FI ccccncecascctecsscsccesssisseccinevetocnnene at hub, 73; atrim, 34 
PRU GE Die TORO: on oc cansiiccss0is coceestsqccnnsbiphccunehicheacstneudearaia 154 

UE ONE, HR ivainec snares sccricensssvesrcscnssrasenndivnentenons 153 


Auxiliary Condensers——There is in each engine room an 
auxiliary condenser connected with the auxiliary exhaust pipes. 
Each has a horizontal combined air and circulating pump, the 
steam cylinder being between the water cylinders and all the 
pistons being on one rod. The tubes are arranged and packed 
as in the main condensers. 


Cooling surface, one condenser, square feet..........ccscsccsscsscecscsccsccsssceescseees 800 
Diameter of steam cylinder, air and circulating pump, inches.,...............ssseeeee Io 
SURE RNIN TUNIS. ooo kscecnnarsansennubgecepevasteastccasabenmieveenesed 12 
SI GE, CI ib isiinccsqentesnstriginsisvicen-cobearebipsseccsneves 12 
epee, CT TING iia Soiciccsvicdoscnusescvacececewsdencisevsanrenavoncedasatosdssacosesett 12 


Feed-Water Heaters ——In each engine room there is a feed- 
water heater which is similar in construction to a condenser. 
The heaters are located between the main feed pumps and the 
feed main, and the valves are so arranged that the feed water 
can pass directly to the feed main without passing through the 
heaters. 

Screw Propellers—The propellers are of manganese-bronze, 
each with three adjustable blades. They are true screws, with 
pitch variable from 16 feet 6 inches to 18 feet 6 inches. Each 
boss is secured to the shaft by a feather key and a wrought-steel 
nut screwed on and locked in place. The end of the hub is 
covered with a composition cap. 


nee 08 BR naisciuivisstedinnsestiningd etapa 3 
I TI nonce wining uinitadiiadinedonvaineinictiaiaaadaenismerelinpian A a eee 16 
GE SU, TOGE WT TRCIIE cocsndcccccccsscccescrercnininiccntsssseeniuabeteces 3-115 
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Tiga 66 Ra, GOR GE TRON. oss cises cssivenicecccscnsscorencepesccinnsapseasesenenes 3-1 
AN WIN Nin ahidaesnintintiinnndaedshaniunies siniibinsdoimhentnecngiiaeebantia 173 
Greatest width of blade (44 feet from axis), inches,.................csceseeeceeees 58 
Helicoidal area of each UI, WIS GRRE io cic ncsadscncsnsoccccctonts tyedbened 76 
PE ID FE nonticeccnscevedesnéqeasnaite <ecnsentp ens papuocwinenimtab ies 62 
attics brs in <othes cary sere rsdeninnssenaetdesaecandieneseni saben 201.06 
BR oO SM cshsacdersenccseccoacnecsccncsgasasecssontsiccsedenbpentnessdns tonhonens 1.09 
ED I Wr So, Sconnsstbonidenncesahnesaqreasandedeqgnacdetensebestin 376 
a OE ie Ce si ccacnscovoseeedenrnscnsoeparbasebonegspabinstedanicensian 308 
Se GE I I i Bit sinc decsnsescsaschetsnghtinnctsbaciscec vesepnilie .249 
Immersion of center at mean draught (23} feet), feet..............cceseceeeceeeee 143 
Canter above tpavest pallet Of Wheel, f60l........0sccesecscccccesccccocacdcessovssonsese 8} 
from center line of vessel, feet and inches..............s.ssssscsseceseeeee 13-0} 
BOILERS. 


There are eight single-ended boilers of the horizontal, return, 
fire-tube type, all of steel. The shells are of one course of four 
plates. _The longitudinal joints of the shells are treble riveted 
with double-butt straps. The joints in furnaces and combustion 
chambers are single riveted. There are two combustion cham- 
bers in each boiler, and are so arranged that there is one com- 
bustion chamber for each wing and its adjacent furnace. The 
tops of the combustion chambers are braced by girders. The 
combustion chambers are stayed to each other and to the shell 
by screw stays screwed into both plates and fitted with nuts, the 
nuts being set up on beveled washers where stays do not come 
square with the plates. Each furnace is in one piece and corru- 
gated, riveted to flanges of front head and flanged and riveted 
to combustion chamber plates. The grate bars are of cast iron, 
and those at the sides are made to fit the corrugations. The 
bridge walls are of cast iron, and extend to the back of the 
combustion chambers. Each boiler has circulating plates fitted 
at each side of each nest of tubes. Each boiler is bolted to 
angle irons which are riveted to the saddles. The boilers are 
bolted rigidly to the angle iron of outboard saddles, but the 
inboard angle irons have oval holes to allow for expansion. 
Each boiler has two 4}-inch spring safety valves placed on the 
stop-valve nozzles, the two valves being in one case. The in- 
ternal feed pipes are fitted with suction branches to the bottom 
of the boilers, the combined feed and circulating water being dis- 
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charged near the water level through down-pointing branches. 
The auxiliary feed pumps may be used to circulate the water. 





The tubes in the boilers are of charcoal iron. The boilers are 
placed athwartships in four watertight compartments. There 
are two smoke pipes, one for the starboard boilers and one for 
the port boilers, the pipes being abreast each other. 
BoiLer DATA. 
Sediy MOCNNS GORMNOE, DOMER, 5 «0.0 c0cccccccpsrsngcrxesesstczenatennproncsuacs 180 
PONE OE Dini tdsaceinsveceseasinttiosenheomy supenciatabeiteissthiaece eons 8 
CI TE GI Be kscecnesntebinecasnionncdsseceneibeomibdttes eda teaktaceskeen g-I1} 
RE, Ca ING BG AER ii pecov ore cesincccsecstinssnsncerecngssessccbsios 15- 8 
TRCRNETS GE SRET, TROMEB «on ceccccose sessccnccrosncotaepsgkonaneesenssnongenseohes 143 
TE MO, I icine iccnsnceuevscderstead sospeatetumbecateabeor con 15 
I MMs icinesvosucccccediGdekguasvcebratatesbtodebnsndee } 
SD I Milne cnc dicta csocciiuitlains ks ncascaiettdacestncneas } 
ES, REE RRS Se ny EE ee. PLES S Oe vs 
Combustion chambers, number in each boiler...............cscececesececeeeeeees 2 
CRIGENOSS OF DIMES, TIER ci ccciscenssccoscconqenaseoscocns ?: 
width at top, feet and inches............cccccscscceceee 2- 31% 
Supt, COCR RUE TBR, sestittisen iiciescndciseisanssetios g-11$ 
Furnaces, greatest external diameter, feet and inches,............0ssscseeeeee 3-7 
least internal diameter, feet and inches...........cccscseseseeeeeeees 3- 3 
length of grate, JOSE ENG IENES..,.,cccsescovescreosencescconcencecesease 6- 8% 
number in each boiler (corrugated).........cccscssossesscsesecscrees 4 
TDebas, cntdide  Gipmbaber; Met iccissescnoccocsospoincenersvescvnsnobsveccsivesassie 24 
length between tube sheets, feet and inches.............ssssseessseeee 6- 6} 
MORIDEE GE GUGUNAEY, COE DONIES. cosesccsncnssssocccesishassonosonuecence 388 
WEDGE OF GRY, GEER ODES ian c costco cacnndsonsscesnsocscossbovenssevesonsee 150 
spaced vertically, inches............cocsscsocescoesccsssncsesessovccenssseceos 34 
esisCME Dy, WTNOR is sicecsnnccvinvedcreconsesenscapecesedesnbacan sts 3% 
thickness of ordinary, No. 9, B.W.G., inch.............cssseeseeseeeeees 148 
Shei, We. G; Th WG, Roc cccosc cc cocccsvevancsontecsens .203 
Diameter of rivets in shell sheets, inches...,............ssecccsssssesecesecseesces 15 
CORGU CHINE, TIN iainc inc vacincccddqcans pech evduicastideeoesteernsrace> 1} 
Number and diameter of through upper braces, inches,....twenty-two of 2}; two of 2 
lower bGACOE, INEDES,......00.0scecsceresses three of 1 
braces around lower manholes, inches.......... -. nine of 13 
from head to back tube sheets, inches.... eight of 2 
Heating surface, tube, each boiler, square feet.............csseceesssesevereenees 2,296.12 
furnace, each boiler, square feet.......... end edsncdbduedetioine 141.93 
combustion chambers, each boiler, square feet.,........... 273-39 
total, each boiler, square feet.......cccovcoscccciccccccorcsccece 2,711.44 


Grate surface, each boiler, square feet.........cccccsccrccccescsccccccccsocscsvovece 
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Area through tubes, each boiler, square feet...............ceesecsesceseressceeees 13.87 
over bridge walls, each boiler, square feet............scecseseceeceeeeeeees 7.68 
Smoke pipes (2), diameter (elliptical), feet and inches................sseeeees 10-9; 6-3 
SA IG I aa viivaieniiiceseuccsvdcdesqacdoobanenabenkes 115.36 
height above lowest grates, feet........ccccccsccccccccccccecccccces 863 
Number and diameter of safety valves (2 on one base), inches,............. 44 
Diameter of boiler main stop valves, inches, ............:.cssecesesseeeerseeseeee 64 
RUNIAEY COD PELTON, TION ios sscsccsaccocenecessvcstes csceneceses 6 
Totals for eight boilers: 
Picatinny SPENOe, CNG, DUTNID TE llianas scene cecescesscccccsscsecossenseccosscencent 18,368.96 
RIN cic cviasrcacctannssessvscrbsatiotaneesense 1,135.44 
combustion chambers, square feet..........scssesesceeeeeee 2,187.12 
IN IN sackets cecdccccheccusunisponesiienctaniabenbid 21,691.52 
165i snnseaccnneresiinesaecnabieiasnelennacignsions 697.6 
Area through tubes, square feet,,............s000ee0+ onbapepeininsabinniiabenn - 110.96 
Omer TRUE Weis, CENNES GORE. 0.5 cc sescccescccocevcsocccsscceseccseceve 57-41 
Ee I, FI Pais ince csccstsccicnccercscsteninseecatbinites 3,224 
OR Ge RE By, PII FOr cc crnscccntenccscccesisccenccsopecnensasi 1,051.2 
Ratios : 
SEEN IN vi civalabosdncksvinetacbanekaseesaaecéebies Gnmpaeaspabeacenesaaes 26.83 to I 
NN OD ca desdeicturdcses ctcsstarorenectsersctessuabcontarebesschanes 1.66 to I 
te CUNRE B 0D OE isi icone sitesarniccoredsrepeccaccoesccbectoes 3.19 tol 
Tis shes iitad attend nincinashnnauibbases cshansdinabimneeamianion 31.68 tor 
Fe TIN ic icdndsehssndasacarsoetdediectekennicsonpnescesoaeain .162 tor 
SE NI St II IE ON Gira rst cs rdevncinecvoerconaceedsccecconsese 37-67 to I 
Volume of furnaces and combustion chambers above grates to G.S...... 3.171 to I 


Forced Draft—tThe closed fire-room system of forced draft is 
used. The air is supplied by eight Sturtevant blowers, two in 
each fire room. The fans are driven by two-cylinder vertical 
simple enclosed engines with cranks at 180 degrees. 


NEE: Gi MNO, TONE os scienncncdanabacsnceass phanboseanietndepnsedakemahes 5 
I MUI dasa ial accel: athe daiaiied da hewachanensdeebaumasedeunocostbcameimabe 4 
ne Se I STL cas cat ot cnwanneendinecusanrsecencoupeessenceotessoondied 60 
ne I Is, oo. so pnerpubeenareecsuanecepuseresentedasnes 14 
Area of induction nozzle, square inches............cccccocsceccce cossecccccccccecccecs 1,060.7 
I I BNI TI i ccindns accesanstnedcencovescoucacnoszbebace 1,380 


Feed Pumps.—There are two main and four auxiliary feed 
pumps of the Admiralty type, Worthington, duplex, and all of 
the same size, 10 inches by 7 inches by 12 inches, each capable 
of delivering 400 gallons per minute. The main feed pumps are 
located one in each engine room, and draw from the feed tanks 
and air pump suctions and deliver to the boilers. The auxiliary 
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feed pumps are situated in the fire rooms, and draw from the 
feed tanks, air-pump suctions, sea, drainage system and boilers, 
and discharge into the boilers, fire main and overboard. The 
discharge of the main and auxiliary pumps are independent; the 
main feed pumps discharging only to the boilers. 

Fire and Bilge Pumps—In each engine room there is a verti- 
cal, duplex, Worthington pump which draws from the sea, bilge 
and drainage system and delivers into the fire main and over- 
board. They have a capacity of 400 gallons per minute. The 
steam cylinders are 10 and the water cylinders 7 inches in diam- 
eter; stroke, 12 inches. 

Water-Service Pumps ——In each engine room there is a verti- 
cal, duplex, Worthington pump which draws from the sea and 
delivers into the water-service pipes, the distiller circulating 
pipes and fire main. They have a capacity of 400 gallons per 
minute. The steam cylinders are 10 and water cylinders 7 
inches in diameter; stroke, 12 inches: 

Bilge and Sanitary Fumps—There are two single-acting 
plunger pumps on each main-engine shaft driven by eccentrics ; 
one pump on each shaft is arranged to draw from the bilge and 
discharge overboard, the other to draw from the sea and dis- 
charge into the flushing main. 

Feed Tanks.—There is a feed tank of 2,000 gallons capacity in 
each engine room. A part of the tank is fitted as a filter into 
which the water from the air pumps is delivered, the water de- 
scends through the filtering material and discharges into the 
main portion of the tank. Each tank has a man-hole with bolted 
cover, glass water gage, shut-off cocks and drain cocks. Each 
tank and filter has the following pipe connections: 

A discharge pipe from the air pump; 

An overflow pipe to the bilge, so arranged that any water 
passing down it may be seen ; 

A suction pipe to feed pumps, with valve ; 

Drain pipes from traps ; 

A pipe and valve for drawing water tinal filter box ; 

A vapor pipe. 

Each feed-pump suction is provided with a balanced valve 
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operated by a copper float in the feed tank, so arranged that it 
will allow no air to enter the feed pipes. 

Steam Traps.—The separators, jackets, main and auxiliary 
steam pipes, the radiators, and all places where condensed steam 
can accumulate are fitted with drain pipes and cocks, or valves, 
and with automatic traps which discharge into the feed tanks. 
The traps are provided with by-pass pipes and valves, for con- 
venience in overhauling. 

Grease Extractors —A grease extractor is fitted on the dis- 
charge of both main feed pumps. It is similar to a Macomb 
strainer: the basket is perforated and covered with burlap 
through which the water filters. By-pass pipes and valves are 
fitted to feed the boilers while overhauling the extractor. 

Engineers’ Workshop.—The workshop is fitted on the splinter 
deck, forward of the engine rooms. The shafting is driven by a 
single vertical engine 8 inches by 8 inches. It is provided with 
the following tools: 

I 24-inch screw-cutting lathe, 

I 14-inch screw-cutting lathe, 

1 column-shaping machine, 

1 double-geared drilling machine, 

I combined hand punch and shears, 
I emery grinder. 

Ash Hoists—lIn each fire-room hatch there is a Williamson 
double-reversible ash hoist, by means of which (with a steam 
pressure of 60 pounds) one bucket of ashes of 300 pounds can 
be hoisted in 5 seconds. The steam cylinders are 4} inches in 
diameter with a stroke of 4} inches. 

Distilling Apparatus.—Iin the engine rooms are two William- 
son Bros. straight-tube distillers, and two evaporators, Bureau’s 
pattern, with a combined capacity of potable water at a tempera- 
ture of 90 degrees Fahrenheit of 7,500 gallons in twenty-four 
hours. The water-service pumps are used for the distiller cir- 
culating water. The distillers are arranged so that they can 
take steam from the auxiliary steam pipe in case of emergency. 
A filter and water meter are fitted to each distiller. There are 
two evaporator feed pumps of the Worthington horizontal duplex 
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type, two combined brine and fresh-water pumps of the same 
type, also two trap pumps. 

In addition to the above there is an evaporating and distilling 
plant, situated in the drying room on the main deck, capable of 
distilling 5,000 gallons of water at a temperature of 90 degrees 
Fahrenheit in twenty-four hours, 

Ice Machines —There are two Allen dense-air ice machines 
capable of producing the cooling effect of two tons of ice per 
day. The cooling pipes connect to the ice tanks, refrigerating 
rooms and scuttle butt. Steam cylinder, 7 inches diameter ; air- 
compressor cylinder, 5? inches diameter; air-expansion cylinder, 
4} inches diameter; stroke, 10 inches. 

Ventilating Fans.—In each engine-room hatch and in the 
upper part of each engine room there is a ventilating fan for 
engine-room ventilation only. For ventilating the ship generally 
there are six fans situated on the splinter deck; they are so 
arranged that by means of reversible valves they can draw 
from or force air to the various parts of the ship. In the steer- 
ing-engine room there is an electrical exhauster driven by a 3- 
H.P. electric motor. There are two electrical fans in dynamo 
rooms each driven by a 2-H.P. motor. The fans were furnished 
by the Sturtevant Company. 


Dinsibetan OF aiaiek CpE RNG, TNE iciicse dec cessaiisarocvacseiescevtikacenkseviltiotaieast 4 
RNRING, TR os vcs taanscpuvinesen ppckusdcoodecctpenbaventupastonioassacesteetabnioas wpnuieeien 3 
RNS OE Fi, SGI ai ocic sec coisas soccscedecenbabsccenstadudietciinsdesetiawsscuant han 50 
UGG OE Tak, ING oi ins isin Sedinecs jens ssbiinncgchpessbonnchnlinsadep eameenamaieg 174 


Steering Engine-——On the after platform deck there is a Wil- 
liamson Bros. combined hand and steam-steering engine, cyl- 
inder, 14 inches in diameter; stroke, 11 inches. The engine is 
connected to a horizontal fore-and-aft shaft, on the after end of 
which is a right-and-left-handed screw which works in the cross- 
heads, one on the starboard and one on the port side, the rudder 
yoke being connected by rods to these crossheads. With the 
steam gear the rudder can be put from hard over to hard over 
in 20 seconds when the ship is going full speed. The engine is 
controlled from the conning tower and pilot house by means of 
hydraulic telemotor or by wire rope. 
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Steam Windlass.—There is a steam windlass, built by “ Hyde 
Ship Windlass Company,” situated forward on the main deck. 
The engine is a reversible, double-cylinder, vertical, direct-acting, 
with cylinders 15 inches in diameter and a stroke of 14 inches. 
The windlass is fitted with two wild cats to take the chains. 

Steam Winches——There are four steam winches situated on 
the decks, fitted for manipulating wire cables, hoisting coal, and 
general deck purposes. They were built by Williamson Bros. 
Cylinders, 8 inches in diameter ; stroke, 8 inches. 

Boat-Crane Engines.—There are four boat-crane engines situ- 
ated on the upper deck for hoisting in and out boats. They 
were built by the Williamson Bros. Steam cylinders, 10 inches. 
in diameter ; stroke 8 inches. 

Air Compressors —There are two air compressors (Kaselooski 
system) for torpedoes, situated in the engineers’ work shop. 
Each compressor has one steam cylinder, diameter, 9.252 inches ; 
stroke, 6.299 inches. The compressors are. capable of making 
275 revolutions per minute with 60 pounds of steam, the air 
pressure in the accumulator being 1,700 pounds to the inch. 
The capacity per hour is 19.06 cubic feet. 

Telegraphs and Revolution Indicators——There is a Cory me- 
chanical telegraph in each engine room connected to-transmitters. 
in conning tower, pilot house and bridge, and a mechanical 
gong in each engine room with bell pulls on deck. Mechanical 
tell tales are fitted on the bridge and in the conning tower to 
show the direction of the revolution of the main engines. In 
each engine room there is a mechanical indicator to show the 
relative speed and direction of revolution of the main engines, 
The two indicators are connected, and each has two hands, a red 
one which turns with the port engine and a green one which 
turns with the starboard engine. The hands can be turned on 
their shafts like the hands of a watch, so that by setting them 
together the relative speeds of the propellers can be seen as the 
hands separate or remain together in their revolutions over the 
dial of the indicator. 

Telephones and Voice Tubes——For communication between the 
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various parts of the ship there is a complete system of telephones 
and voice pipes with call bells. The important stations are con- 
nected directly, but for general purposes, in order to lessen the 
number of pipes, a central station is used. 

Steam Cutters —There are two steam cutters, one 36 feet and 
one 33 feet long. They have Towne boilers, compound engines 
and keel condensers. The cylinders for the 36-foot cutter are 4 
inches and 8 inches in diameter by 6 inches stroke. Those for 
the 33-foot cutter are 4 inches and 8 inches in diameter by 6 
inches stroke. 

Electric Plant——The installation consists in general of eight 
32-kilowatt generating sets, 770 incandescent lights, four search- 
lights, two sets of signalling apparatus, one main switch board, 
two auxiliary distributing boards in turrets, together with the 
necessary wiring, wiring accessories, molding and fixtures and 
motors. The eight generating sets were made by the General 
Electric Company. In each set there is a 32-kilowatt dynamo of 
Multipolar type, having a capacity of 400 ampéres at 80 volts, 
compound wound, six poles. The engines driving the dynamos 
are compound, tandem, vertical, inverted; diameter of cylinders 
g and 15 inches; stroke,6 inches. The engines are designed to 
run at full load at 400 revolutions per minute with 100 pounds 
of steam pressure. The bed plate is common to both engine 
and dynamo. The incandescent lights are 5, 16, 32 and 150- 
candlepower, designed for 80 volts. 

Each dynamo is connected to the main switch board and to 
the equalizer board, the main switch board containing only the 
panels for the dynamos and lighting and motor bus bars. 

The ship is wired on the two-wire system with 80 volts. 
There are four searchlights, made by the General Electric Com- 
pany, two mounted on a platform on the main mast and two on 
forward bridge. The projectors are 50 inches in diameter and 
hand controlled. All lamps are of the horizontal type with com- 
bination hand or automatic feed, and designed for a current of 
70 to 80 ampéres at about 80 volts. The carbon holders are 
adjustable, and the life of the carbon is six hours. 

The signal apparatus is in two sets, one for each mast, and 
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consists of four double signal lanterns to each set, cable connec- 
tions, and key board on forward bridge and in signal tower. 
Electric speed indicators and transmitters are fitted in pilot 
house and conning tower, also electric helm indicators and 
electric helm telegraphs, and electric main-engine telegraph. 
There are thermostats in each coal bunker and in certain store 
rooms with annunciators on bulkhead forward of cabin. 


ELECTRIC MOTORS. 


| Horsepower. 
Revolutions 
Ampeéres. 


Ventilating fans 


ee cnet csaccucssanchseinosecnensses 
13-inch ammunition hoist 
13-inch elevating 
13-inch rammer. 
13-inch turret-turning motors 
6-inch ammunition hoist 
6-pounder ammunition hoist 
3-inch fixed gun ammunition hoist 
3 hatch lifting 


OFFICIAL SPEED TRIAL. 


The official speed trial took place off the New England coast 
on August 28th, 1900. It consisted of two runs over a measured 
course of 33 nautical miles. The average speed of the two runs 
was 17.013 knots per hour. The weather was good, the sea 
smooth, the wind light. All boilers were in use under forced 
draft. All the steam generated was used by the main engines 
and auxiliaries except that used in the steering engine and in 
the engine for the dynamo to light the engine and boiler com- 
partments. The coal used was hand-picked Pocahontas. The 
boilers steamed freely and steadily. The engines and auxiliaries 
worked well. 

After the trial, the boilers, main engines and auxiliaries were 
examined and found in good condition. 
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PERFORMANCE——SYNOPSIS OF STEAM LOG. 


MAIN ENGINES. 





Steam pressure at boilers, per gage, pounds..........s.sseeeeeseeeees 176.6 
Starboard. Port. 
H.P. steam chest, per gage, pounds............. 173.1 173-9 
first receiver, absolute, pounds..............+0++ 80.7 78.1 
second receiver, absolute, pounds..,...........++ 29. 28.8 
Vacuum in condensers, inches of Mercury............ceceseecesereees 23.68 22.7 
Mean effective pressures in cylinders of main engines, pounds 
per sqmnee: 460s TEP oii cecccscececcoseconccnsenveponevepescsuesenteegas 69.75 69.93 
Pils scaniaccoscecenbaroceueteieseskesaanaabtasleewsies 32.52 32.7 
Pddiacecusvduectescdsvecndnssicovanteiiebiretodubeisees 15.99 14.86 
Mean pressure on L.P. piston, equivalent to aggregate M.E.P. 
on all pistcns, pounds per square inch..,,.........seessesessereesere 42.405 41.39 
PURE, BE, WI inscse saicorecsivencecatiunsacanvcoucaavopensonsensdaseyenié 13.23 


CII, CNR a scare scicne pacsacacecaccsscieapsseaessebesenel 67.76 








scdabbbendssdetapae Jenbosthvostesssvibenanstousiudmlawboktashes 114.03 115.27 
PNG, IE go inison iss ideciedecvevtndadvtcvnteactsoncscsscasepedveuaydnstabiens 25.45 20.46 
COMI Gis cdcevcecoscconcednes ciqhonsvertscesbonuntccenentonbus 136.45 155-57 
feed, double strokes per minute...........cssessesssseeescsees 35-45 
Blower engines, mean revolutions,,.............ssccsccsecssscsseeesees 480 
Speed of ship in knots pet hour..............ssscccccccescescccecesesece 17.013 
Slip of propeller in per cent. of its own speed, based on mean 
UUM sidiksvinddacdonenctcasdnven diate diheisuhisssuechaabckaamebratnns 13.61 14.54 
Air pressure in fire rooms, in inches of water,..........ssessessssees 






INDICATED HORSEPOWER. 


UR NIN, FE ais nsinein ig bacdasqtnciachercsnieveemeibadebiainateehe 1,656.5 1,678.7 
Died crstibstinsinieédadiehowetancsss cascgienwhocvensouiiedentialie 1,816.6 1,846.71 
iC vesinsseshess o0Gcsinnneeehsouepstusodsapeabiianen mente 2,102.4 1,972.10 
BEE DUB as cnicescosiveecoee jaddtnpnchedbecovbendveniatentesegasaniibdaedeaes 8.014 5.22 
Circulating pump.......... ep edhignedvbevacesesipsuce slaps oenebeseelembbie 26.92 40.84 
PN I actin ccscentacosiavisgensiiserkscveiveinbthbeibeniekenthtebense 53-44 
Water-service pumps and all auxiliary machinery in use,......... 5.6 
Ventilating engines, for engine TOOMS..........ccereeseeeseseeees tose Io 
Blower engines for forced draft in fire rooms............sseeeeseeees 108 
DORM ORME ices ccscevcevcccscsssccssecescucocessasscoseessebossbbbeutss 34.8 
Callective of all mint CRROR .oecccccccncsecuesccdesedsesivcwcetian senses 11,073 
main engines, air, circulating and feed pumps......... 11,207 (A) 
and auxiliary engines in operation during trial,. 11,365.9 (2) 
Main engines, air, circulating and feed pumps, per sq. ‘ft. G.S.... 16.37 
HS... 5166 
Cooling surface, square feet, per I.H.P...........ceescerees sosesesss os 1.23 
Heating surface, square feet, per I.H.P...........cccsessscesseerseeee 1.9 
COAL. 


Re a iaisstdcseninciniuidiciesanateians iseusmnkariaaad «sees Pocahontas, excellent. 
q y 
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TEST OF ONE OF THE BABCOCK & WILCOX 
BOILERS FOR THE C/NCINNATTI. 


In the Annual Report of the Chief of Bureau of Steam En- 
gineering there is published a report of a test made on one of the 
new boilers built by the Babcock & Wilcox Company for the 
Cincinnati, by a board composed of Lieutenant Commander 
A. B. Willits and Lieutenant B. C. Bryan, U. S. Navy. This 
test was made June I5 to 22, 1900, at the works of the builders, 
Elizabethport, N. J., and the following synopsis includes all but 
the detailed tabulations from which the important data given 
was deduced. 


DESCRIPTION OF BOILER AND APPURTENANCES. 


The boiler is of the Babcock & Wilcox new marine type, com- 
posed entirely of wrought steel, the point of difference between 
it and the older type of this make of boiler being in the arrange- 
ment of baffle plates (as shown in the accompanying sectional 
view), which compel the products of combustion to pass three 
times across the tubes before entering the uptake. The small 
tubes are 2 inches outside diameter, while the bottom tube in 
each section or element is 4 inches outside diameter. The total 
heating surface is 2,640 square feet. 

The grate is an undivided area of 63.25 square feet, being 6 
feet 6} inches deep and 9g feet 54 inches wide. It is fired through 
four properly spaced doors. 


Bo1Ler DATA. 


Type of boiler, Babcock & Wilcox. 

Diameter of top drum, 42 inches (inside). 

Length of top drum, 12 feet. 

Tubes: Number, 526; 2 inches outside diameter; length, 8 feat, Also 40; 4 inches 
outside diameter; length, 8 feet 5} inches. 

Grate surface: Length, 6 feet 8} inches; width, 9 feet 5} inches; area, 63.25. 

Grate surface reduced to 5 feet 6 inches length, 52 square feet area, in tests Nos. 5 

and 6, 





























SECTION SHOWING PATH OF THE GASES. 
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Heating surface: Area, 2,640 square feet; ratio to grate, I : 41.74. 

Per cent. water-heating surface, 100. 

Grate bars: Kind, fixed. 

Smoke pipe: Area, 7.876 feet ; height, 48 feet above grate; ratio to grate, 1 : 8.03. 

Weight of boiler and all fittings except uptakes and smoke pipe: 
Without water, pounds 531304 
Water, 5 inches in glass; steam at 215 pounds, pounds 9,498 

DOE WO GN, QU iiniics sesticttnvsisthivadd bidintessesaziaciccw 62,802 

Total weight per square foot of grate surface, pounds 992.9 
Total weight per square foot of heating surface, pounds 23.79 
Weight of air heater and Gucts, pounds........cccccccocccscccescecsces -coovsees 5,320 

Blower engines : Kind, blower driven by belt from shop engines. 

Blower fan: Kind, Sturtevant; diameter, 60 inches. 

Area of blower inlet, 9.62 square feet; outlet, 6.89 square feet. 

Feed water: Kind, feed water heated by steam jet. 

Air heater: Kind, two-pass; 3-inch tubes. 

Area of surface, 495 square feet. 

Feed pumps: Kind, Worthington duplex; dimensions of cylinders, 74 by 4; 6-inch 
stroke. 

Other boiler appurtenances: Steam jet. 


The boiler was erected in a wooden structure built especially 
for the test and having the following dimensions: Length, 29 
feet 2 inches; width, 17 feet 2} inches; height, 21 feet. This 
was made as nearly airtight as possible, but contained several 
windows that could be opened or closed to regulate the amount 
of draft pressure. The blower was driven by belting from the 
main shop engines and ran continually. The air heater, shown 
in the cut, consisted of 210 3-inch tubes 3 feet long, spaced 4 
inches from center to center one way and 5 inches the other 
way. A vertical division plate divided the tubes into two sepa- 
rate sets or nests, and a horizontal baffle plate extended across 
from the outside of each nest to within 12 inches of the divis- 
ion plate. When the heater was in use, the air from the airtight 
fire room entered at the top, passed once across the tubes over 
the baffle plate, and back under same to outlets leading to back 
of ash pit, as shown, the front ash-pit doors being closed. 
When the air heater was not to be used, the gases were by- 
passed by a damper, as shown on above drawing, and the air 
entered the ash pit through the front, the doors thereto being 
removed. 
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DESCRIPTION AND OBJECT OF TESTS. 


Seven tests were made in all. Six of these consisted of three 
pairs in which the two tests of each pair were under similar con- 
ditions in every way except that of using the air heater, one 
being with and the other being without this heater, in order to 
define the economy due to its use. The last or seventh test was 
for the maximum consumption, and was made without the air 
heater and with full grate. Two pairs of tests, one at a consump- 
tion of about 20 pounds of coal and the other at about 35 pounds 
of coal per square foot of grate per hour, were made with the full 
grate service in use. These tests will be found in tables of re- 
sults numbered 1, 2H, 3H, 4, the letter H signifying that the air 
heater was in use during the tests. Tests 1 and 2H were of eight 
hours’ duration, and tests 3H and 4 were of six hours’ duration. 
The grate surface was then reduced to 52 square feet by a course 
and a half of bricks, seven courses in height, at back of furnace, 
and tests Nos. 5 and 6H, lasting fours each, were made, burning 
about 50 pounds of coal per square foot of grate per hour. The 
bricks were then removed from the furnace and test No. 7, lasting 
three and one-third hours, was made, burning nearly 60 pounds 
of coal per square foot of grate per hour. The data and results 
of these tests will be found in the accompanying tables. 


COAL AND FIRING. 


The coal used was Pocahontas coal from Flat Top Mine. It 
contained considerable slate and clinkered badly. On tests Nos. 
1 and 2H run-of-mine coal was used; on tests Nos. 3H, 4, 5 
and 6H the coal was screened, using a screen with a I-inch 
mesh. On test No. 7 the screenings from the former tests were 
run over a -inch mesh screen, and the coal thus screened was 
mixed with the screened coal used in other tests. The firing 
was good and very regular. Two alternate doors were fired in 
rapid succession. The other two sections of fires, in wake of the 
other two doors, were then leveled with a hoe, and then sliced 
through the slicing door, and then coaled, the average time be- 
tween coalings of the same two furnaces being from eight to ten 
minutes. The furnace doors were open about twenty-five sec- 
onds when coaling and about ten seconds in leveling. The coal 
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made comparatively little smoke except when firing or working 
fires. The data in regard to smoke was taken by using Ringel- 
mann charts. 

DESCRIPTION OF APPARATUS. 

The water was weighed in two tanks, each supported on a 
platform scales and run into a third tank below, from which the 
feed pumps drew water. There were two Worthington duplex, 
horizontal, outside-packed, plunger pumps. All pipes were above 
ground and in plain sight, and wherever connected to other 
piping or boilers, plugs were left out of T connections to show 
that there was no leakage. The gross and tare of each tank 
was taken, and the temperature was taken at the lower tank just 
as each upper tank drained into it. The feed water was heated 
by steam injection before entering the weighing tanks. 

The coal was weighed in barrows on platform scales in the 
fire room and dumped on the floor. The time was taken when 
each lot of barrows were fired. 

A sample shovelful of coal was taken from each lot of barrows 
and thrown into a barrel, and from this, mixed and quartered, 
the final samples for analyses, calorimeter and moisture determi- 
nations were taken. The gases for analyses were drawn from 
near the center of the base of smoke pipe by means of a pipe 
inserted therein connected with an aspirator and small Orsat 
instrument. 

All draft pressures were taken outside the building, pipes 
being led there from the different places where pressure determi- 
nations were required. 

Temperatures were taken at the back and front of uptake just 
above the heater; in front by a mercurial pyrometer, and at the 
back by a metallic pyrometer. When the air heater was used 
the temperature was taken in addition just below the heater by 
means of a mercurial pyrometer. 

The moisture in the steam was determined by a Barrus uni- 
versal calorimeter. The steam was found practically dry in all 
cases. The calorimeter was calibrated twice, and results will be 
found recorded in the tables. The steam was partly used in the 
shop and partly blown off into the atmosphere, the pressure be- 
ing controlled by regulating a small stop valve by hand. 
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Ceduced gate) 
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Experiments to show the heat of the gases at various points 
were made by noting the points at which different metals melted. 
A small piece of metal was wired to a piece of }-inch pipe, and 
pushed in carefully through the sight doors at the side of casing 
to about the middle of the boiler; by noting where such metal 
would melt, and again introducing a piece of the same metal at 
another hole further along in the path of the gases until a 
position was reached when the metal would not melt, and by 
the use of various metals with known melting points, the tem- 
perature of the gases was determined and is plotted on the 
accompanying diagrams. 


MEASUREMENT OF WATER IN BOILER, AND TIME OF GETTING 
UP STEAM. 


Before making test No. 6H, on June 21, all water was drained 
from the boiler and the contents of boiler noted for each 1-inch 
mark of the water gage, with the following results: 


TEMPERATURE OF WATER, 72 DEGREES FAHRENHEIT. 





Height of water in 
gage. 


Inches. Pounds. 
9,312 4 
9,498 186 
9,662 164 
9,912 250 
10,137 ee 
10,368 231 
10,672 304 
10,943 271 
11,175 232 


Total water. Difference. 


ON AMhwWw bd — O 


Fires were started in the boilers with lightwood and blower 
in use at 940 A. M. Temperature of water in boiler, 72 de- 
grees; height in glass, 1 inch. 

The following is a record of time and pressures or tempera- 
tures: 
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TEMPERATURE OF WATER, 72 DEGREES FAHRENHEIT. 





Time. 


By watch. 





9°40 

9°45 

9°46° 30 
9°47°30 
9°48 

9°48°30 
9°49 

9°49°30 
950 

9°50°30 
9°50°45 
Q5! 

95 1°1O 
O5UIS 
9°5 1°30 
9°5 1°40 
Q°51°55 
9'5 2°10 
9°52 20 
9°52°30 
9°52°40 


An examination of the boiler after this test showed no injury 
or change in its condition in any respect. 


Elapsed. 


Min. See. 
oO 
5 
6 30 
SS 
8 
8 30 
9 
9 30 
IO 
10 30 
10 45 
II 
Il 10 
It 15 
It 30 
II 40 
It 55 
12 10 
I2 20 
12 30 
12 40 


Steam pressure. 


Fires started. 
Steam formed. 
25 pounds. 
35 pounds, 
45 pounds. 
55 pounds. 
65 pounds. 
75 pounds. 
85 pounds. 
95 pounds. 
115 pounds, 
125 pounds. 
135 pounds, 
145 pounds. 
155 pounds. 
165 pounds. 
175 pounds. 
185 pounds. 
195 pounds. 
205 pounds. 
215 pounds, 
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TEST OF 


CINCINNATI'S BABCOCK & WILCOX BOILER. 





ANALYSES OF WASTE GASES MADE DURING TESTS OF U.S. S. CINCINNAT7 


Date. 


1900. 


June 15. 


June 16. 


June 18, 


June 19. 


June 20. 


June 21. 


June 23 


June 2s. 


--- — 


a 


a a 


—————— 


| 


— 


Time 


4°58 
S15 
5°30 
5°55 
6°16 
6°27 
7°95 


11°45 
12°50 


35° 


12°40 
12°50 
12°58 

1°03 


10°10 
10°25 


10°28 


I1"0o 


11°13 
12°25 


I1"00 
11°03 
1m°I3 
11°50 
11°55 
11°59 


1121 
11°45 
12°38 
2°26 
2.30 
2°43 


10°16 | 
10°21 | 
I1‘10 
11°13 
11°47 





BOILER, ELIZABETHPORT, N. J., JUNE, 


Condition of fire when sample was taken. 











Just before firing....... 
One minute after firing. 
ust after raking. ..... 

wo minutes after firing. od 
Three minutes after raking and. just before 
Beteng ccccessevcseccocsesee eo covccvcoseceseccoccsecce 


Average........ 








ust after firing. 
ust after slicing... 
Just after slicing..........ccsseresseeres 





AVETAZE. ...-0eeeee 





One-half minute after firing.............++ pshntiots 
While slicing..............+0+ 

Just after slicing. 
Just before slicing 







One minute after firing...... 
I BGI Gcconsncpnaiisstsdetebetindsdiecnsstrescesas 


While slicing (all samples except 11 o’clock 
collected through 4-inch iron pipe) ba 
Jast after raking..........0-00+sessssees a 
One minute before firing......... . 
While slicing “ae collected att Blass 
tube) .. ‘ - ° : 
Just after raking. 
Just after firing 









Average... ......0.-s0000 ieosecnnetadidbesnnignsetite 


SN HEIN cabin pecgsatsise ticuseniddentiniothwostuien 
While slicing... 

Just after firing... * 
Two minutes before raking. 
Just after raking........0.... - 
pg! IEE I Eee 






Ic. tsctranctittinntignntinahinceysiacsineniees 


Just after raking......0.-..cccccesrsccsssssseereseocecsess 
One minute betore raking 
Just after firing..... 
Just after raking.. 

Une minute béfore raking. " 
Just before raking... 20s eoseee eevee sovecsoscooeeee 






Two minutes before firing...............sss-cseeeeees 
Two minutes before firing .. 
Just before leveling and firing. 
Just after firing..... aoe 
Just after firing. ........ * 
Two minutes before firing...........ccsecce-ceeeesees 









Pe a TE erceesesocoeecs 


Just before firing...... 
One minute before firing....... 
ust after leveling...... 
ust after firing . 
Just after firing..... 









15.2 
14.3 
13.0 
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16.0 


14.0 


13.0 


1900 


BAW Now w 
o ANNU OW 


WwWu 


w | © com 
_ &. 


> 


SUUwW AS Al UO Wom 
oon |S ° oO 


NW a 


> 
oo 


co. 


0.4 


0.0 


1. 
0.0 


~ 
oo 


0.7 
1.0 
1.0 
0.3 
0.8 
0.3 
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COAL-CONSUMPTION TESTS OF S.S. /OHN W. GATES. 


By Lieutenant B. C. Bryan, U. S. Navy. 


Between October 10 and 15, 1900, tests were made on the 
Lake Steamer John W. Gates, owned by the American Trans- 
portation Co., by Lieutenant Commander J. H. Perry and Lieu- 
tenant B. C. Bryan, U. S. Navy. 

The object of these tests was primarily to note the action of 
and results obtained using the Crowe Patent Stoker. 

Four tests in all were made, of ten, four, eight and six hours’ 
duration, respectively. During the tests indicator cards were 
taken from the main engines, and the usual observations of 
pressures and temperatures recorded. The coal was carefully 
weighed and logged on each test. 

Tests Nos. 1 and 2 were made with the vessel light, on the up 
trip, in Lakes Huron and Superior, respectively. Test No. | 
was made under the usual running speed of the vessel when 
light, and amounted to merely weighing coal and taking obser- 
vations for ten hours out of the run. Test No. 2 was made using 
a steam jet in the smoke pipe to increase the draft. 

Tests Nos. 3 and 4 were made on the down trip, after having 
loaded at Two Harbors, Minn., with about 7,000 tons of ore, the 
vessel drawing about 17 feet 10 inches of water. Test No. 3 
was made at the usual running speed, and Test No. 4 with draft 
increased by steam jet in smoke pipe. 

The principal data of the vessel and machinery follow, but a 
few observations here are not considered out of place. This 
machinery was built under the supervision of the able Chief 
Engineer of the American Transportation Co., Mr. Joseph F. 
Hayes, and the great economy obtained is largely due to his 
care in the design and arrangement of the plant.. The ratio of 
high to low-pressure cylinder area is I to 13.22. Joy valve gear 
is used on the high and intermediate-pressure cylinders, giving 
in the high-pressure cylinder an admission of steam almost per- 
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fect, as is shown by the indicator cards therefrom. The cylinder 
ports are made large, while the clearance is reduced as much as 
possible. A feed heater is provided, into which all the auxiliaries 
necessary for heating the feed water are exhausted. The dynamo 
when running exhausts into the third receiver of the main engine, 
and all precautions have been taken to make these engines eco- 
nomical, and with great success, as is shown by the results. 

The type of Babcock and Wilcox boiler adopted is one that 
recent tests made by government officials, given in this number 
(see page 882), show to be exceedingly economical under various 
conditions. 

During the tests on the Gat¢es the only auxiliaries independent 
of the main engines in use were the air pumps, feed pumps, 
stoker engines, steering engines, and at occasional times the 
dynamo engines. The stoker engines exhausted into the at- 
mosphere, and they used such a small amount of steam that, 
under the circumstances, this seems to be warranted to avoid a 
complication of piping. 

It is much to be regretted that the actual consumption of 
water per indicated horsepower was not measured on these 
trials, time not allowing arrangements to be made for this pur- 
pose, but very accurate approximation can probably be made by 
comparing this with the trial of the U. S. S. Pennsylvania, given 
in Vol. II, No. 3, of the JouRNAL, and from the results of evapora- 
tion tests of this type of boilers as given in this number. The 
latter tests show that with the coal used thereon 9.079 pounds 
of water were evaporated per pound of coal as fired under actual 
conditions when burning 20.45 pounds of coal per square foot 
of grate, the factor of evaporation being 1.165, and the coal used 
containing 4.06 per cent. of moisture, or about the same amount 
of moisture as the coal used on the tests of the Gates. 

Taking the test made on the Gates on October 10, 1900, burn- 
ing 20.62 pounds of coal per square foot of grate, the tem- 
perature of feed entering boiler was 186 degrees, the average 
steam pressure was 244. Factor of evaporation was 1.0876, 
while in the evaporation tests of same type of boiler referred to 
above the factor of evaporation was 1.165 per cent. The pro- 
portion of heating surface to grate was, in the case of Gates, 
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equal to 55.55, while in the boiler on which the evaporative tests 
were made the proportion was 41.74. It is probable therefore, 
that a greater proportion of the total heat was utilized in the trial 
of the Gates than in the evaporation tests referred to. A calori- 
meter test of the coal used on the trial of the Gates gave 13,580 
B.T.U. (See end of this article.) The coal used on the evapo- 
rative tests was of a better quality and probably contained at least 
14,000 B.T.U. Supposing the efficiency of the boiler the same 
on each test, the expected evaporation per pound of coal as fired 
1.165 ” 13580 
1.0876 “~ 14000 

The total amount of coal burned per hour was 2,227 pounds, 
which would give 2,227 X 9.43 = 21,000 pounds of water evap- 
orated per hour. 

The air pump was the same type and make as that of the 
U.S. S. Pennsylvania when the steam per I.H.P. per hour was 
83.18. The cards taken from the air pump of the Gases showed 
6.66 I.H.P. Taking the same consumption of water per I.H.P., 
the hourly consumption would have been 83.18 X 6.66 = 554 
pounds, 

The feed pump was of the same type, make and size as that 
of the Pennsylvania, which used, at 1,455 I.H.P. of main engines, 
595 pounds of water per hour. The dynamos on the Gaées were 
compound, and probably more economical than those of the 
Pennsylvania, the port dynamo of which latter vessel used 480 
pounds of steam per hour. 

The steering engine of the Gates was slightly larger than that 
of the Pennsylvania, but the vessel steered better and probably 
used about the same amount of steam, viz: 125 pounds per hour. 

We have then for steam used by auxiliaries, average per hour: 


would be 9,079 X = 9.43 pounds. 


Pounds. 
Air pumps, . : ; ; ; ‘ . S66 
Feed pumps, ; . : . 595 
Stoker engines (from actual test made), . 140 
Dynamos in operation 3 hours = 480 X 3+10= 144 
Steering engines, . : : 3 ‘ . -, 


Total, . 1,558 
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Subtracting this from the 21,000 pounds evaporated by boilers, 
we have 21,000 — 1,558, or 19,444 pounds of steam used by the 
19,444 
1430.7 
hour for the consumption of the main engines. 

The principal dimensions of the hull and machinery are as 
follows: 


main engines, or = 13.59 pounds of water per I.H.P. per 


HULL. 


The hull of this vessel was built at the Cleveland Shipbuilding 
Co.’s works at Lorain, Ohio. The framing and deck beams are 
made from channel steel and the vessel is well stiffened by lon- 
gitudinal girders and stringers. Transverse bulkheads divide 
the vessel into thirteen water-tight compartments. There are 
fifteen cargo hatches 8 feet by 30 feet, spaced 24 feet between 
centers. 


Length over all, feet, . ; 5 ; : . 498 

Beam, feet, : : : : ; ‘ ~ 52 

Depth, feet, : , é : ‘ 30 

Height of water bottom, feet, ; ; 6 

Capacity of water bottom, tons, . 3,500 

Bunker capacity, about, tons, . : ; . 300 
ENGINES. 


The engines are placed at the extreme end of the vessel. The 
boilers are immediately forward of the engines, with an athwart- 
ship coal bunker forward of the boiler-room bulkhead. 

The main propelling engine is of the vertical, direct-acting, 
inverted, jet-condensing, quadruple-expansion type. One piston 
valve actuated by a Joy valve gear, is fitted on the side of each 
of the high, first and second intermediate pressure cylinders. 
The low-pressure valve is a double-ported slide, placed on the 
after side of the cylinder, and operated by eccentrics and a 
double-bar Stephenson link. 


aE MT, TE iris bias ininch hdcessitcinin deh cent etenrmngenseinn 164 
Eis WE iicncs sce siuphidc ones ddepininievucdvaioeecsibbesotanie 25 
Ns Beg MNES 5 Sido. di dcsckeoccstediaksivabsinedcentenedshusdebaays 334 
EE ITER COTA NO dicniatigta 60 
I a gt ak ncetamaronetiaambatneuneoere 40 
Diameter of piston rods (one for each cylinder), inches,.................2sseeeeeeeeeee 4% 
Order of cylinders from forward......... (1) H.P; (2) ust I.P.; (3) 3 2d I.P.; (4) L.P. 


SIR GF GUIs dacisudecicndicdesbsivekisccnessosesnsuetaccinessaed ¢ L.P.; set; ad. 
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The H.P. and tst I.P. are at 180 degrees, as are the 2d I.P. and 
L.P., the former being at 90 degrees with the latter. 
There is one four bladed propeller, 14 feet in diameter with 15 
feet 6 inches pitch. 
BOILERS. 


Steam is supplied by two Babcock and Wilcox boilers of their 
latest Marine type, having baffle plates directing the products of 
combustion three times across the tubes before leaving the 
boilers. (See page 882 of this number for illustration of this 
type of boiler.) Each boiler is 10 feet long, 10} inches wide, and 
13 feet 10 inches high, containing 3,000 square feet of heating 
surface and suitable for from 65 to 70 square feet of ordinary 
grate surface for hand firing. The total grate surface of all 
stokers is 108 square feet. 

The weight of the two boilers dry is 109,260 pounds, and with 
water, 132,590 pounds. 

The bottom and top rows of tubes are 4 inches in diameter 
and all others are 2 inches in diameter. All tubes are of seam- 
less cold-drawn steel, the 4-inch tubes being No. 6, B.W.G., and 
the 2-inch tubes, No. 10, B.W.G. in thickness. The lengths be- 
tween headers is g feet. 


AUXILIARY MACHINERY. 


INDEPENDENT AUXILIARY MACHINERY. 













Diameter o 
of | = 
cylinders. z 
x: Purpose. Make. Type. mei We eon - 
4 | (BIS) 6 
E lS alsie s 
Be] lon ve 
Zz = Ae lA 2 
In. In.\ In. In 
1 | Main air pump .........0000 .-| Vertical, compound, simplex...) 11 18/22/18 A 
1 | Main feed pump.. ........22. see ..-. Hor., comp., duplex, plunger.) 6 10! 5|10 B 
1 | Aux. feed and ash pump.. ...... Hor., duplex, plunger.........0«.| .. 8| 4,10 C 
2 | Ballast pumps...............+ Hor., comp., duplex | 7h 12/16/18 D 
1 | Deck pump..... Hor., duplex........+ 44/32) 6 E 
2 | Dynamo engin Buffalo Forge Co..| ‘tandem, compoun DP} occ} 6) cx 
1 | Steering engine.. Clevi’d S. B. Co..., Hor., two-cylinder... 8] | 8 
1 | Windlass engine............. -ses do... seo ceoves| -cevcerovesenes dO.....0000 oe | cee | « 
1 | Capstan engine.. eee coscee -+-do... see 
5 | Deck winches.... <0 GD: -icoveene co coCeveneened ld nhtetebaqnoneee 8 10 
1 | Ventilating blower coe] SCUTESVANE .. cocecees Vertical, single-cylinder.........| ... 3 GB | a2 
4 | Stoker engines.....cccce-.e00+ seosseseesssseerese sovsesee| Single-cylinder, Oscillating......| ... | s+ | se | see | sve 
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OTHER AUXILIARIES. 


There is one bilge pump, 6 inches by 10 inches, and one cooler 
pump, 3 inches by 12 inches, worked from the low-pressure cross- 
head, both being single-acting plunger pumps. There is alsoa 
feed heater which receives the exhaust of all auxiliary machinery 
except dynamo engine. There are also two purifiers over boilers. 


STOKERS. 


Two mechanical stokers of the Crowe pattern were fitted to 
each boiler. This stoker consists, essentially, of a set of bars 
carried from front to back of the furnace, over a number of fair 
leaders, by two chains, one on each side of the furnace. At the 
back of the furnace the chains and bars pass over a drum and 
thence back over fair leaders to the front of the furnace again. 
At the front of the furnace the chains pass over sprockets from 
which they receive motion. The bars each have two wrought-iron 
lugs on lower edge which hook into the links of the chain, alter- 
nate bars hooking in from opposite sides. The upper faces of the 
bars are toothed and locked into each other, leaving sufficient 
opening to form air spaces for burning the coal. From this con- 
struction it is evident that a bar can only be removed and 
replaced when it is passing over the sprocket wheel in the front 
of the furnace, for at no other time are the teeth entirely dis- 
engaged from each other. 

The sprockets at the fronts of the furnaces, which give motion 
to the chains and bars, may be driven by any suitable device, but 
as the motion is so very slow, about 6 feet an hour when burning 
20 pounds of fuel per square foot of grate, worm gearing is best 
employed. At the front of the furnace a hopper extends the 
whole width, into which coal is shoveled. 

On the boiler front is a distributing and regulating plate which 
extends across the entire width of the grate and is raised up 
above it to whatever thickness it is desired to carry the fire. At 
the front of the furnace is a brick arch, and at the back there is. 
an apron plate, through which are a number of holes, to allow a 
supply of air to enter over the fire. 
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The speed of the bars from front to back is so regulated that 
coal shall be entirely consumed in the passage, and this speed 
will of course vary with the draft and the thickness of fire carried. 
The fires are worked entirely from the back end, the front being 
tightly closed in, with the object of excluding all air from over 
the fire. The ashes, clinker and unconsumed coal are dumped 
in the ash pan at the back end of the furnace. 

While under way the fire required nearly constant attention, 
as small clinkers would form, which would be caught by the 
plate at the back of the furnace and combed back over the fire. 
These clinkers would constantly increase, until finally the whole 
air space in the back was choked by them and they had to be 
removed with a pricker bar. If the speed of the grate is too low, 
the fire burns out before reaching the back end of the furnace, 
allowing cold air to enter, which kills the effect of the fire. 

Clinkers, forming on the brick sides of the furnace, interfere to 
some extent with the working of the stoker. 

To build up the fire, or to pass from one speed to a higher 
one with the engine, requires from one-half to three-quarters of 
an hour, depending on the air pressure and speed of the bars. 

During the entire trip the stokers worked satisfactorily. Dur- 
ing most of the time little or no smoke was emitted from the 
pipe except while the fires were being worked from the back, or 
when an additional amount of coal worked in under the plate 
in the front of the furnace. The air pump worked regularly and 
quietly, but for some reason, probably due to the large clearance 
required in the cylinders of this type of pump, the vacuum 
carried was not much in excess of 233 inches. 

Lead did not melt during any of the tests when suspended in 
the uptakes just over the top row of 4-inch tubes or practically 
where the gases leave the boiler proper. 

Lead suspended in the boiler where the gases leave the last 
row of 2-inch tubes melted on the test of October 15, but only 
softened on the tests of October 10 and 13: 

The following tables, Nos. I, II, III and IV, give the data of 
the tests: 
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906 COAL-CONSUMPTION TESTS OF S. S. JOHN W. GATES. 


During the trial a test was made to ascertain the amount of 
water used by the stoker engines. To this end the exhaust 
from one of these engines was disconnected from the others and 
was led to a barrel containing cold water and weighed as it con- 
densed. It was found that this engine used 35 pounds of water 
at 94 revolutions per minute, this being the average speed of the 
stoker engines under ordinary conditions. The cost, therefore, 
of four of these engines when running at the usual speed would 
be about 140 pounds of water per hour. 

When running at the higher powers, on October 11 and 15, 
these engines averaged 125 revolutions per minute. 

An approximate analysis of the coal used gave, as follows: 

Per cent. 
Fixed carbon, ‘ : ‘ R ‘ 57.00 
Volatile matter, . : ‘ ‘ ; 37.00 
Moisture, . ‘ , ‘ : : 2.00 
Ash, , ; : ‘ ; : : 4.00 


100.00 


Heating value of coal by calorimeter, . . 13,580 B.T.U. 





CORROSION OF BOILER TUBES. 


CORROSION OF BOILER TUBES IN THE 
UNITED STATES NAVY. 


By LigEUrTENANT—COMMANDER WALTER F. WorTHINGTON, 
U. S. Navy. 


( Continued.) 


The samples referred to in Table No. II, in the August number 
of the JOURNAL, p. 596, were returned to the porcelain-lined tank, 
submerged in distilled water, the air started flowing again, and 
the pieces exposed for sixteen weeks to as nearly as possible 
exactly the same treatment as was described before. Just be- 
fore they were put in the tank small pieces were cut from samples 
Nos. I, 7, 9 and 14, and submitted to an expert who made 
photomicrographs showing the internal structure of the metals. 
Unfortunately these photographs were not very clear, so that 
they could not be reproduced in the JouRNAL. Another attempt 
will be made to get better results. Incidentally the small pieces 
cut out changed the weight and area of those samples, for which 
due corrections have been made in Table IV. Also when the 
other pieces were reweighed, on June 30th, discrepancies of +1 
gramme occurred in the case of samples 10, 11, 13 and 16, due 
no doubt to the fact that the two weighings were done by 
different persons, one of whom neglected a fraction of a gramme 
while the other counted it as a whole number, thus introducing 
in these four cases an error in weight of about two-tenths of one 
per cent. 

Upon the conclusion of the second sixteen weeks’ exposure, 
the air was shut off and the samples were left for a week under 
water, as it happened to be inconvenient to weigh them at 
once, then removed, washed with a brush (but not scraped) and 
weighed. The water in the tank was then carefully tested by a 
chemist and found to contain no free acid or alkali. 

Table No. IV shows the areas and weights at the beginning 
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and end of the second period. The samples have the same 
numbers as they had in Table II, to which the reader is referred 
for many particulars which it was considered unnecessary to re- 
peat. For convenience of comparison, however, the loss of 
weight per square inch for the first sixteen weeks has been given 
again in the last column of Table IV. 

Two very important and positive results have been obtained 
by this second sixteen weeks’ test. One is that the two 30-per 
cent. nickel-steel plates show most marked and unmistakable 
pitting. Much of the surface is as smooth as it was originally, 
while the rust concentrates at points, throwing up small craters 
of oxide encircling a deep pit. 

The small loss of weight of these two samples, therefore, can 
not be taken as a measure of their resistance to corrosion. If 
this action continues the plates will soon be eaten through, and 
if they were boiler tubes they would be thereby rendered un- 
serviceable. As the pieces are plates from which the mill scale 
has not been removed, they are not strictly comparable to seam- 
less cold-drawn tubes, and it is possible that if the latter were 
made of 30-per cent. nickel they might do much better. Still 
the fact that this pitting is so marked ought to cause those who 
propose to use nickel-steel tubes to proceed with much caution. 

The second important and positive result of the experiment is 
similar to the first, but applies to the seamless, cold-drawn, low- 
carbon, open-hearth steel tubes, made of the best and most 
homogeneous material possible, entirely freed from mill scale 
during the process of manufacture. 

Samples 5 and 6, which in both the first sixteen weeks and 
also the second sixteen weeks were especially noticeable for 
their small loss of weight, have developed marked instances of 
the drilling action which is the most pernicious form in which 
corrosion can be manifested. Three deep, round holes, one to 
the left and below the Fig. 6 in sample No. 6, and two to the 
left and above the figure, are the most developed that appear on 
any of the sixteen pieces, while both samples 5 and 6 show a 
number of smaller round holes. The insides of these two samples 
have a smooth and almost unbroken surface. 
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gIo CORROSION OF BOILER TUBES. 


Samples 3 and 4, although produced by the same maker as 
samples 5 and 6, show a widely different character, the corrosion 
in this case spreading very evenly over the surface, the oxide 
adhering to the inside but leaving the outside clean and bright. 

Samples 7 and 8, although produced by a different maker from 
samples 3, 4, 5 and 6, show corrosion spreading evenly over the 
surface like that of samples 3 and 4, and varying from it only a 
small amount. 

The rate of corrosion of 7 and 8 is slightly less than it was for 
the first sixteen weeks, possibly due to the surface of the metal 
having been bruised by the process of drawing through the dies, 
rendering it more subject to corrosion at first until the outer skin 
had rusted and peeled off. 

Samples 7 to 16, comprising seamless O. H. steel, lap-welded 
Bessemer, and lap-welded knobbled-hammered charcoal iron, 
show practically the same rate of corrosion, the rate having in- 
creased slightly in the case of the lap-welded steel and iron 
tubes, possibly due to the fact that the mill scale at first furnished 
a temporary protective covering. 

‘In all of the samples except I, 2, 5 and 6 the rust shows a 
tendency to stick on the inside of the piece, leaving that surface 
much rougher than the outside. 

In samples 1 and 2 the inner and outer surfaces are much 
alike, while in samples 5 and 6 there is a considerable difference, 
the inside being far smoother than the outside, in each case. 

Owing to the widely different manner in which the corrosion 
attacked samples 3 and 4 on the one hand and 5 and 6 on the 
other, a piece # inch wide was shaved from the edge of sample 6 
so as to include about a dozen small pit-marks, and the shavings 
analyzed. By comparing the analysis with that of sample No. 3 
in Table II, it will be seen that the chemical composition of the 
metal in the tube represented by samples 3 and 4, is practically 
identical with that of the tube represented by samples 5 and 6. 

The analyses are as follows: 

C. >. S a. & 
Sample No.3, . . .20 O10 021 .40 .005 
Sample No.6, . . .21 O10 .021 .40 + .OI0 
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Fig. 15. 


Fic. 16. 
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The shavings were cut in a very small shaping machine. Both 
the sound of the tool when cutting and the frequent slipping of 
the belt indicated that the metal was not of uniform hardness, 
but showed hard and soft spots. This is not to be wondered at 
when the method of manufactuic ot the tube is considered. A 
round billet of suitable length is first pierced by a very rude 
machine which leaves the inner and outer surfaces exceedingly 
rough. Subsequent hot and cold processes to which the hollow 
billet is subjected do not shave off the high places but just press 
them down into the body of the material. No amount of an- 
nealing can eliminate this inequality in the density of the metal. 
As the tubes go through the series of drawing processes to re- 
duce them to the required dimensions, many of them are found 
to have fine, hard cracks on the surface at right angles to the 
axis, undoubtedly due to hard spots which lack the necessary 
ductility. Of course all tubes with such cracks on the outer 
surface are rejected, but if the cracks occur on the inside they 
cannot be seen. 

The writer does not wish to be understood as asserting that 
the pitting is due to the inequality in the density of the metal 
in different parts of one tube or a corresponding difference in 
different tubes (since all billets are not left equally rough), but 
only wishes to point out the fact that such difference exists, and 
therefore it is desirable that researches be made in this direction. 
For example, if a lot of fifty or a hundred tubes were made from 
billets which had been drilled and turned instead of pierced, and 
if this lot, together with an equal number of tubes made by the 
ordinary method, were subjected to corrosion tests on the same 
plan as the sixteen samples referred to in this article, it would 
soon be seen whether or not drilling and turning the billets 
would remove the only defect known in cold-drawn seamless 
tubes as now manufactured in this country. 

While the cost of drilling and turning the billets would be 
much greater than the cost of piercing them as now practiced, 
this extra expense would be largely offset by the saving of the 
great number of billets which are split and destroyed in the 
piercer, and also the saving of a large per cent. of such tubes as 
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are now rejected when they go through the drawing benches, 
In any case tubes made from drilled and turned billets would be 
cheaper than brass tubes formerly used in boilers, and also 
cheaper than nickel-steel of 20 to 25 per cent. nickel. 

The accompanying photographs show the appearance of the 
inside and outside surfaces of the tubes at the end of the second 
period of sixteen weeks’ exposure. The pieces are placed with 
the same end up as when photographed the first time. By 
comparing these photographs with those previously published 
it can be seen that in most cases the corrosion has attacked the 
same places as before, the area attacked being deepened and 
spread out, and this notwithstanding that in the interval be- 
tween the two sets of experiments the samples were kept out of 
the tank for two and a half months. 

Sample No. 3 shows on the outside some curious, small el- 
lipses, semi-ellipses and closed curves with broken lines each, 
as if traced with a scriber, and plainly visible in the photographs. 

Samples 7 and 8, which were left almost smooth by the peel- 
ing off of the first thin oxide, now appear much rougher from 
the formation of more rust. 
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INERTIA STRESS OF ELASTIC GEARS. 


By J. H. MAcacpine, Esg., Associate MEMBER. 


(Coneluded.|) 


CHAPTER XII. 


U. S. S. CHICAGO’S VALVE-GEAR. EFFECT OF STIFFENING GEARS. 
SIMILAR GEARS. 


76. CHANGE IN CHICAGO'S GEAR——CONSEQUENT 1ST 
PERIOD MOVEMENT. 


In Fig. 31 is shown an exceedingly simple modification of 
the Marshall gear. This diagram is so like Fig. 26 that it need 
not be explained. The center Z of the reversing lever OZ is 
merely moved a short distance from YY, A moment’s con- 
sideration will show that if in making the change from the ordi- 
nary setting in which Z lies in YY,, we have to rotate SZ, about 
S,in the same direction as the reversing lever OZ rotates in 
passing from astern to ahead gear, the full ahead valve motion 
will be got with a smaller angle, OLK, of the reversing lever to 
LK than in the ordinary setting, LX being normal to SZ. That 
is, the valve is slightly in ahead gear when the reversing lever 
lies along LX; and this will also appear from the equations of 
Ist period motion. 

Indeed, a full ahead motion would be obtained with this nor- 
mal position of the reversing lever if the angle ZSY, were made 
large enough; but then no astern motion would be possible. A 
small angle displacement, SZ, however, not only greatly improves 
the ahead motion, but leaves that for the astern perfectly practi- 
cable. 

The advantages of this slight change are so obvious that I had 
always used it, with good results, in the few engines I had de- 
signed with the Marshall gear. Commodore (now Admiral) 
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Melville decided to adopt it in the new engines of the Chicago. 
As the engines were nearly completed when the modification 
was adopted the angle SZY, had, for certain clearances, to be 
made rather larger than I had previously used or consider neces- 
sary; and the angular travel of the reversing lever was also 
limited. Thus, in this case, the valve diagram, Fig. 32, shows 
larger leads than would be adopted in most cases. The results, 
however, have been entirely satisfactory. 

With reference to this gear and an alteration in the gear of 
the Petrel, carried out about the same time and referred to below, 
Admiral Melville writes me under date of 18th December, 1899: 

“ With reference to the altered valve gear of the Chicago: 

“It works splendidly, as also does the valve on the Petrel. 
There is a great improvement, both in the handling of the en- 
gines and economy.” 

The last sentence, of course, applies to the Petre/. 

The greater smoothness of those valve curves over the Vew- 
ark’s, Fig. 29, is evident at a glance. 

Putting LSY, =, and # =the angle by which the eccentric 
is in advance of the crank, we have— 

Ist period movements of point C, 


(a) Parallel to SZ. acos(@+ 8 —&). 
(b) Perpendicular to SL. —(m—1)asin(@+ 8 —6&). 
(c) Perpendicular to SZ. R,Q, cos(9 + 8 —S). 


The first, (a), is evident from Fig. 31; while (b) and (c) are 
the same as given in § 59. ‘ 

Only the resolved parts of these movements parallel to YX, 
will sensibly affect the valve, if the link CD is reasonably long. 
Hence we have— 


Movement of valve, from (a) = acos(9 + 8 —&) sing. 
Movement of valve, from (b) = — (m — 1) asin(@ + 8 — &) cosé- 
Movement of valve, from (c) = R,Q, cos (9 + 8 —&)cos&. 


If the reversing lever lies along KZ, Q, =O—see equation 
(14); but it is readily seen that (a) and (b) alone give the valve 
an ahead movement, as stated above. 
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The amplitude of (a) is asin §, which is quite a sensible ad- 
dition to the travel of the valve from a given size of eccentric; 
while the movements from (b) and (c) scarcely suffer any dimin- 
ution from projection parallel to XX. 


77. 6TH PERIOD MOVEMENT, RIGID GEAR. 


Though the natural period of the Chicago’s gear was not cal- 
culated, as in the case of the Newark, it seems highly probable 
from comparison of the gears that it is about the 6th also, the 
intended revolutions being, in the two cases, nearly the same, 
Let us then find the 6th period rigid gear amplitudes for the 
ahead and astern configurations of the gears as given in Fig. 31. 

Here 8 = 12° and € = 11° — 40’. Hence we may write 8 — 
€=o. The steps of the determination of a, are given in Zadle 
X/, as previously for the Newark in Table VII. 


TABLE X{.—CALCULATION OF @ FOR THE L.P. VALVE GEAR, 
U. S. S. CHICAGO. 

















Quantity. 


Full ahead. 
















a=SE£. From Fig. 31 
Pe. 3 


Ist term of substituted geometrical 
ee he Re En 
Ratio of substituted geometrical ser- { 

3 YE Se t 
a, = amplitude of 6th period rigid 

gear vibration = 7th term of sub- 

stituted geometrical series....... .. 





3-25 inches. 
21 inches. 


-750 &, inches. 


-199 





Full astern. 
3-25 inches, 
21 inches. 


Ye 4 Xk ee ere 2314 inches. 2314 inches. 
vy Ee eee 414 inches. 4i¢ inches 
OB ae Cetin bccnchesecsdoccasecocicees 1.768 1.768 

oe ee eae 18° 23°-38/ 
¥,—€ From equation (94)............ 29°-52/ 37°-43’ 

#,. From equation (95)................ 15.67 inches. 18.45 inches. 
AIR, =sin(¥,—€). See Zable //... .498 .612 

INPUT & shohida sn enuasbiatapelembesncenion sbenkaes -207 .176 


857 &, inches. 


.224 


-750 X 15.67 X .199° | 857 K 18.45 X .224° 





12 


= 10~ & 6.082 ft. 
10 X 5.957 ft. 


12 


= 10+ & 1.665 ft. 
10-* & 1.630 ft. 










The effect of the finite ratio SE/AEZ has been sufficiently ex- 
amined for the case of the Newark as given in Fig. 26. But in 
Fig. 31, any irregularity of the movement of A will by projection 


be directly transmitted to the valve motion. Hence it may be 
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suspected that in this way the amplitude of a, may be seriously 
raised. That this is not the case may be readily shown. 

Take the simple case in which A moves along SZ. The 
movement of A will then be represented by an equation like 
equations (10)and(11). Inthe papers from which these equations 
are derived it is shown that the 6th period amplitude of A would 
be, very approximately, 


Sh SY e335 y 4335)’ 
<x a5 (a) = 12 x s12 si) reser 


The investigation of the motion of the connecting rod in those 
papers shows that the amplitude of the 6th period motion of C 
parallel to SZ is m times that of A. Multiplying by m and re- 
solving parallel to Xj, to find the effect on the motion of the 
valve, we get 





3-25, 1 m.y sai 5? i ae ier 
a 512 \23.6876 X 1.768 sin 11° 40’ = 10° X 9.194 feet. 

No doubt the actual 6th period irregularity of A, due to this 
cause, is somewhat—possibly several times—larger than this, 
but even then the amplitude would be minute compared with 
those in Zadle XJ, and need not be considered. 


78. COMPARISON OF VALVE MOTIONS OF CHICAGO AND 
VE WARK, 


Comparison of Zad/es V/J and XJ show a much more favorable 
result for the Chicago than for the Newark. The best result for 
the latter in Zadle VI/ gives a,=10~ X 4.45, and the ratios 
which this bears to the ahead and astern values of a, cos € for the 
Chicago are— 


Jo X 4.45 _ 
SRR Ea 10 X 5.957> 7.47. 
Astern, . 10" X 445 


10* X 1.630 _ 2-73: 


From the results we can at once anticipate that the Chicago's 
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gear will work with great smoothness, especially when running 
ahead, but also when running astern. , 

The ratios of the geometrical series are smaller in Zad/e X/ 
than in Zable VII. These are the ratios of the substituted 
geometrical series, the true ratios being Q,/Q,, Q,/Q,, &c. From 
Fig. 23 we can at once see that, for the values of 4/R, and a/R,, 
in the above tables, the true ratios will not differ by a large per- 
centage from the substituted ones. Hence, all the amplitudes 
4, 4, &c., in the full ahead valve motion of the Chicago will be 
much smaller than for even the .65 cut off in the Mewark’s gear. 
The same is true to a lesser extent in the full astern valve motion 
of the Chicago. The increase of smoothness of the curves in 
Fig. 32 over those in Fig. 29, which follows from the diminished 
amplitudes, is markedly evident to the eye. 

Examining the stresses from Fig. 32 in the same way as is 
done for the Newark in Examples I and J//,§ 10, we find for the 
ahead curves that the maximum occurs very near the intersection 
of the dotted radial line marked .15 in the lower half of the 
crank circle; that is, almost exactly at the end of the stroke. 
The stress here only exceeds by 20 per cent. the maximum we 
would get if the motion was strictly simple harmonic. For the 
astern valve motion the maximum stress occurs at the point of 
intersection of. the dotted radial line marked .g5 in the lower 
half of the crank circle, and the excess over simple harmonic 
motion with the astern travel is rather under 45 per cent. In 
Example IT, §10, for the Newark the estimated excess was 86 
per cent. 

It is also interesting to compare the angle of crank between 
the maximum displacements of the valve to right and left in Figs. 
29 and 32. If the motion was strictly simple harmonic a maxi- 
mum displacement would occur every half revolution; that is, 
for 180° crank angle. In Fig. 29 this is departed from by the 
difference of the angles Z° and F°; and in Zadle X we find 
E£° — F° = 14°. In Fig. 32 it will be found that this difference 
is reduced to 9°. 

All these résults flow from the diminished amplitudes of the 
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Fig. 52. 








LP vatve Diagram. 


OSS. Ch Ceago. 
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simple harmonic motions of successive periods which go to com- 
pose the whole valve motion. 


79. REMARKS ON VARIOUS GEARS, U. S. S. HATAHDIN 
AND PETREL. 


Any considerable increase of # will nearly always lead to an 
unsatisfactory and dangerous gear, for two reasons,—Ist. Equa- 
tion (94) shows that we will then have an excessive value of ¢, 
unless ¢ is unusually small. 2d. The stress from the valve spin- 
dle will then act at a greater leverage on all parts controlling the 
eccentric beam. Not only will the stress on those parts be in- 
creased but the rigidity of the whole gear will be lowered and 
the natural period lengthened. 

The bell crank lever VGH, Fig. 26, also, should only be intro- 
duced with the greatest care. Its purpose is to get smoother 
valve curves than would be obtained by direct connection of 
A,V to the valve spindle ; this is done by so adjusting the lever 
that the portion of the valve motion near one end of the travel 
is exaggerated, and near the other diminished. By making GH 
larger than GV a longer valve travel is produced from a given 
throw of eccentric. But here again we increase the stress on all 
the working parts between V and the crank shaft, increase the 
elastic yield of the valve and lengthen the natural period. These 
effects may entirely counterbalance the diminution of amplitude 
of the shorter period harmonics, shown by the smoother valve 
curves. 

Thus in the Katahdin, if we draw the perpendiculars from 1 
and V ona line through G parallel to 1%, the ratio of these 
lines in the worst configuration becomes 1.776: 1, which also 
measures the increased stress on the gear. The full ahead valve 
curve for this engine is so smooth that the excess over simple 
harmonic motion is only about 30 per cent., showing a result 
not greatly worse than that for the Chicago, Fig. 32. Neverthe- 
less the valve gears vibrated as shown by the following quota- 
tions from Official Reports: 

Extract from the Report of the Trial Board of U.S.S. Katahdin, 
dated Nov. 2d, 1895. 
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“ A moderate vibration was noticeable in the valve gear of 
both engines. The I.P. and L.P. valve gears in both engines was 
linked up to its minimum cut off to reduce the strain on it.” 

Extracts from the reports of the Board of Inspection. 

April 6th, 1896. “ During the whole trial, the main engines 
worked well, except the valve gear of the starboard I.P. and L.P., 
which vibrated considerably.” 

April 1oth, 1896. “ The engines worked sitisfactorily, with the 
exception of vibration in low-pressure and intermediate valve 
gears, which was excessive.” 

In U.S. S. Petre/, also, the curves showed only an excess of 
about 30 per cent. above simple harmonic motion. This result 
was obtained by the introduction of several links and levers, which 
greatly reduced the rigidity of the whole gear. 

On trial this gear also vibrated badly. In the Report of the 
Forced-Draft Trial of July 20th, 1889 (2d trial), it is stated: 
“ Wooden chocks were placed between the frames and the ends 
of the reversing rock-shaft arms of each engine to prevent the 
vibration of the valve gear.” From other parts of the Report the 
prevention does not seem to have been anything like complete. 

About the same time as the Chicago’s gear was altered, the 
valves and gear of the Petrel were also modified. The valve 
travel, which was unnecessarily long, was reduced, thus not only 
raising the mean stiffness of the gear but diminishing the effects 
of the angular swing of the rods. The result has already been 
noted in § 76. 

In such gears as Joy’s, Morton’s or Kirk’s the smoothness of 
the resulting curves depends on the proper setting of those parts 
introduced to effect the compensation of the motion, but great 
care must be exercised that the same defects of rigidity as we 
have noticed in the Katahdin and Peire/ is not introduced. 

In the gear treated by Zeuner under the name of Hensinger 
von Waldegg—also known as Walschaert gear—an excellent 
valve motion may be attained if the various links are kept rason- 
ably long without sacrificing rigidity. 

In smoothness of valve motion the original Hackworth gear 
with its straight slide, or still better with a slide curved to a 














g22 INERTIA STRESS OF ELASTIC GEARS. 


properly determined radius, must be greatly superior to the 
ordinary setting known as the Marshall gear; though the slide 
of the former is mechanically inferior to the link in the latter, 
especially if the surfaces are not very ample. 


80. EFFECT OF STIFFENING GEARS. GENERAL CON- 
SIDERATIONS. 


The inquiry naturally arises from what immediately precedes, 
What is the effect on the maximum stress, of stiffening the gear ? 

In the two gears referred to in Chapter J, which first directed 
my attention to the present subject, though it was not practicable 
to alter the valve motion it was possible to stiffen the gear. 
This, as we have seen, was also done in the Pefrel’s engine by 
fitting wooden chocks so as to eleminate all the elasticity of the 
reversing gear. Let us examine what are the exact circum- 
stances under which the maximum inertia stress, /;,, from the 
actual synchronizing vibration will be reduced. The magnifica- 
tion of amplitude of other periods will also be somewhat altered, 
but the change in /, will usually be most important. 

A gear in which there is synchronism at full speed might, by 
comparatively slight stiffening, have the natural period altered 
so that this was avoided and a very obvious improvement in the 
result would be produced. On the other hand, slight increase 
in rigidity of a gear in which the natural period was non- 
synchronous might produce synchronism and greatly increased 
stress and unsteadiness in the running of the gear. As an 
example, suppose the Mewark's natural period raised so that 
$ = 6.5, the magnification of the 6th and 7th period amplitudes 
will then be— 


, 6.5? 
6th period. >-7*~4.= 6.760 
6.57 — 6 Y 
3 | See equation (101). 


7 6.5 
7th period. 6537? = — 6.259 

Both these values are very much lower than those in line (00), 
Table X, where exact synchronism is supposed. 
Obviously a change of about 10 revolutions either way would 
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produce synchronism in this case, since the MVewark has been 
taken as running 127 revolutions. So that the result just given 
is much better than would actually occur, as there will certainly 
be a fluctuation of a few revolutions up of down which would 
being the 6th or 7th period much more nearly into synchronism 
with the natural period and produce a much greater magnifica- 
tion of amplitude of the corresponding vibration. If we had been 
dealing with higher periods than the 6th or 7th a still smaller 
change in the number of revolutions would have produced syn- 
chronism. The corresponding effects are well known in connec- 
tion with the vibrations of steamships where a slight change in 
the pitch of the propeller, altering correspondingly the full power 
revolutions of the engines, has often relieved a ship from objec- 
tionable vibrations. 


81. SOLUTION WHEN STIFFENING RAISES SYNCHRONIZ- 
ING TERM FROM 5S TO S -—- I. 


The important problem then is to examine the effect of stiffen- 
ing the gear where both before and after stiffening there is exact 
synchronism ; but, of course, not of the same period. 

Let the stiffening be such that the natural period is changed 
from stos+1. 


Let the quantities a2,, , J, 7, 4, /, 
be changed to Bors Worse Lents Tre Mari 


The result may be obtained by the use either of equation (90) 
or (g!I,). Using the former, we have, since F does not change— 


SO 


.  2fsa, mf, (s + 1)a, 
Fa * cos “= fi ( + O84 o9s ay, 


Whence Gd Sas SR ARE (102) 
a, teosa,” f,\(s+1) 


sf _ _ _S) by equation (1 
(stip on? A = nar 
Hence equation (102) becomes 


Aig, __ 71 C08 O e.2; 
a, tTeosa, (s+ 1 


(103) 
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Now, by stiffening the gear we have made no change in /, and 
J,; and, thus, if we are to have 


L,= Liss 


we have still to deal with the same curves , and x,, of energy 
transfer and change of epoch, in determining t, and a,, as those 
from which + and a were determined. By determining the 
angles /’Oe and r’Of, as in Table X, and from those determining 
the normal ordinate and ordinate of the ”, curves which must 
be superimposed on the O° ordinate of the , curves; and also 
by describing the line curve EPG/HK, as in Fig. 30,, &c., we can 
measure as before rt, and 4@,. 

For instance, with ~,=2.0 and m,= 3.3 but using s+1=>7 
instead of s=6 we readily find from Zad/e X that the energy 
transfer curve aaaa, Fig. 30, and the curve of change of epoch 
due to friction, aa, Fig. 30,, remain almost unchanged. (Observe 
footnote to line (s), Zadle X.) 

The normal epoch changes to 88°. The amplitude of the sine 
curve EFGHK is, by equation (85), reduced in the proportion 


s+ 1)a, s+1)a, fe 
Aes) as Pm a + =% X .305 = .484, 


since 4@,,,/a, =the ratio of the substituted geometrical series, .76 
cut off, Zable VII. This leads to values of a, and 7, little differ- 
ent from the correct values of a and+. (It will be remembered 
that the correct value of a, .76 cut off, is considerably less than 
that due to the singular point a, Fig. 30.) Hence the ratio 


7, COS a 
T COS Uy 


in equation (103) is very near unity. 
The same conclusion will be drawn from examination of the 
cases in Figs. 30, and 30,. 
In a case like that to which dddd, Figs. 30 and 30,, refer where 
a small change in the quantities involved may make r, very dif- 
ferent from t, the above ratio may not be near unity. 




















INERTIA STRESS OF ELASTIC GEARS. 925 


To conclude: 

Ist. Equation (103) gives the exact ratio a,,,/a, which must 
hold in all cases if /,,, is to be equal to /,. If the actual ratio 
@,,,/a, is smaller than that given by the right-hand side of this 
equation, the gear will be improved by stiffening. 

2d. In many cases—probably by far the largest number of 
cases—the ratio 

T, COS a. 
T COS Gy 


is very near unity, and equation (103) becomes very approxi- 
mately, 
te FF 


a (s+1) 


If s = 6 we then have 


Pott (y= 630 


a, 


If s is greater than 6, this ratio would also be greater. 
The largest ratios for the Newark and Chicago were— 


Newark, Table VII. Ratio = .305. 
Chicago, Table XI. Ratio = .224. 


3d. These ratios show that in any practical case 


T, COS @ 
T COS A, 


will require to be much smaller than unity if the valve gear is 
not to be improved by stiffening. But this may very readily 
happen if the actual epoch of the synchronizing vibration, £,’, 
falls at a point of the energy transfer curve where z is small and 
rapidly varying with change of epoch. 

Equation (103) will always make the prediction of such a case 
possible; and if it is the gear of an engine already built and tried, 
s may be found, by observation, so that the tedious part of the 
process—calculating the natural period—may be avoided. 
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$2. SIMILAR GEARS HAVING s AND F//, THE SAME WILL 
BE SIMILARY STRESSED. 

Similar valve motions. 

There is a simple proposition with regard to similar valve 
motions with similar stresses, which is sufficiently interesting to 
be included here. 

Proposition. If the rigid gear valve motion from two gears are 
similar ; and, also, if s and Fil, are the same for both, the actual 
valve motions and stresses will be similar. 

The equations of motion, equation (1), for the two gears will 


only differ in the amplitudes @,, a,,. . . @,, which will be in pro- 
portion to the linear dimensions of the gears. 
As s remains the same so also will 7/7,, 7/7;,. . . 7/7; hence 


the actual valve motions due to the nonsynchronizing terms 
remain similar. 


rn me r, (7: —1) from line (m), Table X. 
sal, equation (99), and the proportionality of all the 
linear dimensions @,, ”., ?., 2, . . . allow us to write this 

J,=constfa,. . . . . . ~. (£03) 


The ratio ~/m, remains unaltered; and also all the angles 
E°, F°, ! Oe, r' Of, . . . of Fig. 29, are the same for the two 
gears. Hence for each value of m,, the diagrams of energy 
absorption and change of epoch through friction and the normal 
epoch are the same. Thus the conditions which would give rise 
to the same value of @ in the two gears would have + and «, and 
consequently also, cos a/t and sin a/z, unchanged. Equation (90) 
or (g1,) then give 

F = const fa, = const fa, ; 
which makes F proportional to /,, by equation (103,). 

As u, is unaltered /,= ,/, is also proportional to /,; that is, 
all three elements of stress change in the same proportion in 
passing from one gear tothe other. As the epochs of the various 
vibrations all remain unchanged, the total stress is also changed 
in the same proportion. 
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CHAPTER XIII. 
FRICTION PROPORTIONAL TO THE VELOCITY. VISCOSITY 


83. FRICTION PROPORTIONAL TO THE VELOCITY. 


In this chapter I shall treat two cases, 

1st. In which the frictional resistance to the motion of the 
valve varies as the first power of the velocity. 

2d. In which viscosity of the metal of the gear absorbs the 
energy of vibration of the valve. 

The first case is of interest but much less importance than that 
treated in previous chapters; hence its treatment is brief. 

The second case is of the greatest practical importance. 

Friction proportional to the first power of the veloctty. 

The rigid gear motion of the valve being given by equation 
(1), and V being the frictional resistance of the valve in pounds 
when its velocity is one foot per second, it can be shown—see 
Note D, equation (22d)—that the actual motion of the valve is 
given by 


2 

ey 4,0, 
ee ae Oe She tan A ae 
* Y {(@f — n?o*)? + pen*w*} 


3 
+ Ae-“eos} (w3—")'—a}, ware 


-cos (nwt — ¢, — Y,) 


where “= 


and tan v, = ica I 

A and / are arbitrary constants, as before, and ¢ is the base of 
Nepierian logarithms, 

The factor e~ 5 gives the law of extinction of any arbitrary 
disturbance. 

If # is small and mw much smaller than o, (7/7, small) », is a 
small positive angle. That is, the actual vibration of the ath 
period then lags slightly behind the corresponding rigid gear 
vibration. Equation (105) also shows that as we pass to larger 
values of z the angle », increases, 






| 
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When there is synchronism (” = s) the denominator of equa- 
tion (105) vanishes—equation (22,)—and 


that is, the actual synchronizing vibration lags one quarter period 
behind the rigid gear vibration, as in the case of no resistance. 
The amplitude of the actual vibration 


4,0, 





ida (106) 


V {(02 — vo?}? + 2? 


then becomes a/= — 

If the friction is small @,’/a, is large ; but not infinite, as in the 
case of unresisted motion. 

Differentiating expression (106) with respect to ”, we readily 
find that the maximum magnification of amplitude takes place 
for a lower value of ” than would give synchronism. At the 
maximum amplitude we have 


ee 


2nw 
wo? — n*w* = iz and ¢an v, = —- 


a, wo, 


Then = =] a, % 
7 Ue (2 a ) 
NV 4 


The reason of this result is readily seen. With a difference 
of phase between the actual and rigid gear vibrations of rather 
less than a right angle, they will be practically as well placed 
for transmitting energy to the valve as when the difference is 
exactly a right angle. But if we compare a vibration of the mth 
period, x being rather smaller than s, with the synchronizing 
vibration, we see that for a given amplitude of the actual vibration 
the velocity at each part of the cycle will be smaller for the 
former than for the latter. Hence the energy absorbed per cycle 
will be smaller; and—supposing the same rigid gear amplitudes 
in the two cases—if in the latter the energies communicated and 
absorbed are equal, so that the amplitude is constant, in the 
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former case there will be an excess of energy communicated 
which will cause the amplitude to grow. 


84. NATURE OF CONDITIONS AND STRESSES IN A MA- 
CHINE. EFFECT ON COEFFICIENT OF VISCOSITY. 


Viscosity. 

The material of the working gear and frame of any machine 
is subjected to the periodic recurrence of stress; but according to 
a more complex law than the simple harmonic torsional vibrations 
of the wires in Tomlinson’s and Wiedemann’s experiments, re- 
ferred to in Chapter JV. In the latter case, also, it was found 
that the conditions as to temperature and constancy in the nature 
of the recurring strain had to be very uniform to allow the co- 
efficient of viscosity to fall to a minimum. 

In the case of any gear we may assume the constancy of con- 
ditions which leads to the minimum viscosity; for this is the 
worst case, and it will very frequently occur. It would not be 
justifiable to suppose that fluctuations of 2° Centigrade, or less, 
in the temperature of the air, which Tomlinson found to be the 
cause of the viscosity in Experiment VII, Table JV being more 
than double that in Experiment [I/, is going to affect the com- 
paratively large masses of metal in the gear to the same extent 
as it did the fine wires of the experiments. In the gear the 
change of temperature of the metal—which is obviously the 
real cause of the rise of viscosity—will be effected very many 
times more slowly than in the fine wire, and “ accommodation” 
will keep pace more or less nearly with this change. 

If the machine is running uniformly, the nature of the recurring 
strain to which each part is subjected—be it extension and com- 
pression, torsion, or transverse strain, or any combination of 
these—remains exactly the same in succeeding revolutions. 
Here also, then, we may expect a definite minimum of viscosity, 
unless the limits of strain are so wide that fatigue of elasticity 
presents itself; but this, possibly, would only precede break 
down of the gear. I am not aware that the limits beyond which 
we get fatigue of elasticity have been investigated, but we know 
that they are wide. 
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Let us take the case if any gear, such as that of the Mewark 
treated so fully above, but suppose that the synchronizing vibra- 
tion has not grown so as sensibly to contribute to the maximum 
stress. We find a periodic variation of the stress—not exactly 
simple harmonic—such that there are two maxima, one near 
each end of the stroke. In this motion viscosity plays no 
sensible part; for, in any reasonably stiff gear, it differs very 
slightly from the rigid gear motion. How extremely slight its 
influence is here, we will be able to conclude immediately from 
an examination of relative absorption of energy by friction and 
viscosity in the 6th period vibration of the Mewark's L.P. valves. 
For a great portion of the revolution, between the two maxima, 
the gear is submitted to a comparatively light stress. 

Let us now superpose on this movement a synchronizing vi- 
bration of high period, and of such amplitude that the maximum 
stress due to it alone equals or exceeds the greatest of the above 
maxima. The gear is now submitted to a large number of 
maxima in each revolution and these are of very different inten- 
sities, The greatest is when a maximum from the synchronizing 
vibration falls very near the highest of the two maxima from the 
nonsynchronizing vibrations, the strains from them being add- 
ative. Usually the smallest maximum will practically coincide 
with the next preceding or following opposite maximum of the 
synchronizing vibration, when the strains from the nonsynchro- 
nizing and synchronizing vibrations oppose one another. In 
the case suppose this maximum may have any value from zero 
upward. The other maxima will be of an intensity intermediate 
to those two. 

That this continual change of intensity of the maxima, occurring 
periodically each revolution, will raise the coefficient of viscosity, 
there does not seem any sufficient reason to conclude a proiri, 
and I know of no experimental evidence that throws light on 
the question. 

As given in Zadle JV, the subsequent calculations are based 
on a rate of absorption of four-tenths per cent. of the total energy 
of vibration per complete vibration. This figure is arrived at 
from far too narrow a basis to make even its approximate 
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accuracy probable. But a large proportionate change in its 
amount would affect the nature of the results but little. 


$5. ABSORPTION OF ENERGY BY FRICTION AND VIS- 
COSITY COMPARED. 


As it will appear that viscosity has little influence unless a,'/a 
is large, we need only deal with the synchronizing vibration. 
As the energy of vibration with a,’/a, large is 


4 fa,”, 


the energy abstracted by viscosity each complete vibration is 


n 


004 X $fa," = 00afa,”.. . . . «» (107) 
The energy absorbed by friction per revolution being 


tFa,’, 

‘we get 

Energy absorbed by viscosity. __ .002/sa,’ 

“Energy absorbed by friction. ~ cP °° (108) 

The values of this ratio for the Mewark are given in Zable X, 

line (qq). These are so small that, even if the absorption by 
viscosity was raised to several times that here supposed, the 
calculation of stress in the preceding chapters would not be 
sensibly modified. 


$6. VALUE OF 4,'/24, WHEN VISCOSITY ALONE ACTS. 


If there is no friction and viscosity alone absorbs the energy 
.which the gear continually transmits to the synchronizing vibra- 
tion of the valve, we may readily calculate the iain of 
amplitude which it will undergo. 
By equation (88) the energy supplied by the gear fon vibration 
is 
1fa,a,' cos a. 
Equating this to expression (107) we get, . 
nfa,a,! cos 4 = .002fa,” 
a,! 


or ~~ = 500% cosu== 1571 cosa, . . . (109) 
8 
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There appears no reason whatever to conclude that the internal 
action in the metal will cause a to differ sensibly from zero; the 
energy absorbed per vibration is so small compared with the 
total energy of vibration that the effect must, at most, be feeble.* 
Instead of equation (109) we may thus write simply 


/ 


“ = 1571. Ue ae we 


The rigid gear synchronizing vibration will have to be ex- 
ceedingly small if this large increase is not to bring it into 
prominence. 


87. REQUIRED STIFFNESS OF GEAR IF VISCOSITY ALONE 
ACTS. WEWARHK AND CHICAGO. 


To bring out clearly the necessary limiting relation between 
the stiffness of any gear and the smoothness of motion which it 
imparts to the valve or other moving mass, if the movement is 
to be practicable without friction, let us suppose that instead of 


the actual rigid gear amplitudes a@,, a,,@;, . . . ,we have the sub- 
stituted geometrical series Q,’, Q,’, Q,’,... , ratio 7. Then, 
| PRS 
u =f"; 


and, by equation (3), 


Stress due to Q,’, rigid gear. _ rego 


Stress due to Q,’, rigid gear. 





As Q,' =a, in any practicable gear, where Q,’ must be re- 
moved from Q,’ by a very considerable number of terms, we get 
by equation (110), 


Stress of actual synchronizing vibration. 


— = ye—12 
Stress of Ist period, due to Q,’, rigid gear. mee e. - () 





I will use this in two cases, one of which will sufficiently 
represent the results from both the Mewark's and Chicago's 
valve settings given above. 





*If energy is abstracted from a nonsynchronizing vibration the epoch must in- 
crease to allow the energy to be restored by the gear. 
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Line 
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TABLE XII.—TRUE RIGID GEAR STRESS OF U. S. S. NEWARK AND CHICAGO'S L.P. GEAR 
COMPARED WITH THAT FROM Q,’ cos 6. 





Line. Newark. Chicago. 
Full Full 
(a) | Cut Off........cccccccocccccesccccceses sosececesees -76 725 65 { dine: anien. 
(b) | O,’-. Tables VIT and XTI......02020.000000 1.030 RF, .989 FR, .924 RF, -750R, 8572, 
(c) |R,,in inches. Tadles Vi and X7Z....... 21.78 20.42 17.88 15.67 18.45 
(d) |7. Tables VIT and XT1.....cccsecceeeseeeseees 305 .289 .262 -199 .224 
(e) | Q,7 - Q,’/, in eS nena cee 6.842 5.837 4.329 2.339 3-542 
f) | Travel (==twice amplitude) of valve, ) | 

( in inches. Figs. 29 and 32............ f 8.85 8.35 74e ony 6.2 
(g) Excess of maximum rigid gear inertia 

over that due to simple harmonic 1.86 és sil | 1.20 1.45 


motion. $%10 and 78..............06 
(h) | Amplitude which,with simple harmonic } 
motion, would give true maximum | 
rigid gear stress = line (f) X line (g) f 8.23 — re 4-275 4-495 
He Zisseccscccccccscsscsseccseseccsceseseseees 
(k) | True rigid gear stress. line ( h) 
Stress irom Q,/cos@. lme(e) pate —— “as ~~ } 1.828 1.269 


Let us inquire, What would be the required value of 7 for a 
given stiffness of gear—that is, for a known value of s—if the 
actual synchronizing vibration is to grow till its inertia stress 
equals that from all the rest of the terms ? 


If its inertia stress is to equal that of the Ist period from Q,’ 
we have at once from equation (111), 





1671 7°" S* = 1. 


But Zad/e XTJ/, line (k), shows that, if the stress is to rise to 
equality with the actual rigid gear stress, it will have to be still 
further increased for the Newark full ahead by 1.203, and for 
the Chicago full ahead and full astern by 1.828 and 1.269 re- 
spectively. As fairly representing all these ratios we may take 
1.5. The figures for the earlier cut offs in the Newark are not 
fully calculated, but probably 1.5 would nearly represent them 
also. We then have 


7tf "Fert. + wre eee 


This may be supposed to apply equally to the case of the 
rigid gear stress and to the stress arising from the actual motion 
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due to the nonsynchronous terms, as they do not differ in a 
large proportion. 

To find the effect of stiffening the gear we may also inquire 
what will be the relation of 7 and s if the stress from the actual 
synchronizing vibration is to be one-third of that in equation 
{112), or 

gh? eee 

From equations (112) and (113) 7 can at once be determined 

for given values of s. 


TABLE XIII.—CORRESPONDING VALUES OF fs AND S FROM EQUATIONS 


(112) AND (113). 

Equation (112) (113) 
is7if "f= 1.5 5 
5 J J 

6 1215 0976 

7 .1640 .1366 

8 .2044 .1747 

9 2421 .2110 

10 .2768 .2450 

II .3088 .2767 

12 3382 3061 


13 | .3653 3334 


88. EFFECT OF STIFFENING GEARS. 


Table XII brings out clearly the great effect of stiffening 
the gear when viscosity is the only agent absorbing energy. 
Comparing the two columns of values of 7 we see that those in 
the left-hand column do not differ greatly from those one line 
lower in the right-hand column. Hence, by stiffening the gear 
so that s is raised by unity, the inertia stress from the actual 
synchronizing vibration is reduced to one-third of its value be- 
fore stiffening. 

If the rigidity of the gear was reduced from that in the left-hand 
column, so that s was decreased by unity, the stress from the 
actual sychronizing vibration would again be nearly trebled ; 
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hence, for the various values of s, the ratios 7 in this column are 
about the greatest that would be in any way practicable, and 
even here the gear could not be considered to be running very 
smoothly. 

Thus the Newark to run smoothly without any friction at .76 
cut off, 7 = .305, would require to have its natural period raised 
from the 6th to the 11th; that is, to be stiffened 117/67 = 3.36 
times. Even at .65 cut off s could not be much below1o. The 
Chicago to run in full ahead gear, 7 = .199, would require s = 8; 
and full astern, 7 = .224, would require s = Io. 

We also see that if the coefficient of viscosity, which we have 
taken as .004, was trebled, in the limiting conditions of satis- 
factory working it would only allow us to reduce s by unity. 


89. SMALL EFFECT OF VISCOSITY IN PREVIOUS CALCULA- 
TIONS REGARDING VE WARK. 

It might at first sight appear that what has been said regarding 
viscosity, to a large extent modifies the earlier conclusions re- 
garding the increase of stress arising from negative values of r, 
especially in very stiff gears. But that is true only to a very 
slight extent. The greatest rate at which energy can be com- 
municated to the actual synchronizing vibration per revolution 
occurs when t= — 4. Equation (108) shows that if the rate at 
which energy is absorbed by viscosity is to equal that of its 
communication by friction for this value of c, we have 


.002 fsa,’ = 4F, 


/ 

or Ful. 
2000 

Putting fa,’ =J,, and taking s= 20, which is a very high 


value, 
I, 
F = 100. 

Now, from line (rr), Zadle X, we see that for the various 
values of F and /, there given, /,/F ranged from 5.01 to 15.06, 
the higher value being altogether improbable. Since in the 
Newark J, had an excessive value, we see that in most cases 
61 
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where there is sliding contact the action of friction would far 
outweigh that of viscosity. As remarked earlier, the action of 
viscosity has been introduced partly to show the extreme limit- 
ing conditions of successful practice; but principally for the 
light thrown. on the many analogous cases of structures sub- 
mitted to synchronous vibrations in which there is no sliding 
contact and consequently no energy absorbed by friction. 


90. SIMILAR GEARS SIMILARLY STRESSED. 


The proposition with regard to similar valve motions similarly 
stressed, given in Chapter X/I, may be extended to include the 
action of viscosity. Whether friction is present or not, practi- 
cally the whole effect of viscosity when the synchronizing vibra- 
tion is important, is to reduce its energy and amplitude in a 
definite small proportion. 





CHAPTER XIV. 


FACTORS OF SAFETY. CONCLUSION. 
91. FREQUENT OCCURRENCE OF HIGH INERTIA STRESS. 


In the opening paragraph of the present investigation a much 
broader problem than that which has been discussed is indicated. 
But the greater part of the investigation applies with but little 
modification to the determination of the stresses induced in any 
elastic structure or machine for which the mode of vibration and 
natural period are calculable; the parts being submitted to known 
periodic forces, or the movements which the parts of the ma- 
chinery would have, if composed of perfectly rigid material, 
being known. The whole investigation has been directed to 
establishing the very common existence of much higher stresses 
than are indicated by the usual modes of calculation. That these 
greatly increased stresses occur in cases of which the Mewark's 
L.P. valve gear may be taken as a type will, I think, be admitted 
to be beyond doubt, as calculation and actual trial entirely agree. 
But if the opening paragraph is to be fully justified it must be 
proved that this important increase of stress is comparatively 
common. 
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The strongest evidence can be adduced to support this belief. 

That short period vibrations occur is a matter of common 
observation ; indeed, this is the characteristic indication of the 
proximity of running machinery. I do not refer principally to 
audible vibrations, but to those sensible to the touch. To one 
standing on a railway bridge, a passing train produces not only 
a deafening noise, due largely to a highly complex mode of vi- 
bration into which the bridge is thrown, but we have also sensible 
vibrations of longer period, synchronous or nonsynchronous 
(forced), very markedly present. While, however, it is well to 
recognize that the effects referred to exist, the evidence of their 
importance must be much more definite. 

In Wohler’s experiments we have bars submitted to repeated 
strain and stress, as in the case of a live load in a structure; but 
in the experiments all effects of inertia and synchronous vibration 
were practically eliminated. The stresses which the experimental 
bars are able to withstand should, if the above contention is well 
founded, be much higher than those, calculated by ordinary 
methods, to which a piece of the same material can be subjected 
ina machine. And this is the case. 


92. WOHLER’S EXPERIMENTS. 


To present this important question clearly, I have extracted 
from “ Engineering,” Vol. XI, some of the results of Wohler’s ex- 
periments. 

In Zable XJV are given the particulars of the tensile tests of 
the bars used in the experiments which are noted in Zadle XV. 
The percentage contraction of area at fracture is added, being 





100(1 __ Breaking stress per square inch of ces 
Breaking stress per square inch of fractured section 
This contraction of area is much smaller than is given by the 
mild steel of to-day, thus showing a harder quality. The lengths 
of the test pieces are not noted in “ Engineering,” hence the per- 
centages of elongation are of no value. 
Wohler submitted bars to the various kinds of strain in spe- 
cially designed machines which automatically repeated the strain 
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between desired limits of stress. The number of repetitions 
required to break the bar was noted. Repeating the same ex- 
periment with smaller and smaller stresses, served to discover 
the maximum load, the application of which could be repeated 
indefinitely without fracturing the bar. The results in Zable XV 
are the maximum number of repetitions in each set of experiments, 
all tests which did not involve more than three million repetitions 
of the load being rejected. Even where the bar broke, we know, 
from other series with unbroken bars, that this number would 
give practically the conditions which could be maintained in- 
definitely. 

The factor in the last column is the ratio of the ultimate tensile 
stress (original section), Zad/e X/V, to the maximum tension in 
Table XV. It is clearly shown how this factor is affected by the 
range of stress to which the bar is subjected. When the maxi- 
mum tension is reduced only to about one-half before being 
repeated the factor is unity or a little over. When the stresses 
are fully reversed each time the factor is between 2.50 and 3.50. 
‘The steel is hard, but with modern mild steel it is improbable we 
would have a very different result; the lower elastic limit and 
greater ductility in the modern against the older steel might be 
expected to counterbalance. 


93. ORDINARY FACTORS OF SAFETY AND NECESSARY FAC- 
TORS FROM WOHLER’S EXPERIMENTS COMPARED. 


If the calculations are correct and the material sound, factors 
at all higher than these should be safe. 

The ordinary values of factors of safety calculated from the 
breaking stress, may be roughly stated as— 





For a dead load, - ; 4 to 5. 
For a live load, i ; 8 to 10. 


But when the material is doubtful, when possible increase of 
stress—accidental or otherwise—has to be allowed for, or if in- 
crease of rigidity is desired, the factors of safety may rise much 
beyond these. In special cases they are intentionally lower. 
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Kind of strain. 


Torsion, 


Torsion, 


Tension, 


Tension, 


Tension, 


Tension, 


Tension, 


Transverse strain, 


ie 1. 
” © ee 
. 
Transverse strain, 


Transverse strain, 
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TABLE 


Maximum | Minimum 


tension. 


23,540 


34,240 


47,080 


51,360 


85,600 


10,700 


32,100 


XWV.—RESULTS OF SOME 
S'resses are in 


Maximum 
com- 


tension. : 
pression. 


23,540 








OF WOHLER’S EXPERIMENTS. 


pounds per square inch. 


Range 
of 
stress. | 


40,660 


47,080 


34,240 


21,400 


51,360 


53,500 | 
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Number 
of 
repetitions. 


23,850,000 


19,100,000 


10,141,645 


4,000,000 


1 3,600,000 


12,000,000 


7,600,000 


48,200,000 


34,500,000 | 


40,600,000 | 


Bar 
broken Li 
or not. 


Not. 


Not. 


Broken. 


Not. 


Not. 


Not. 


Not. 


Not. 


Not. 


Not. 


Material. 
ne, Zable XIV. 


(f) 
(g) 
(h) 


(f) 
(g) 
(h) 


(a) 
(b) 


(a) 
(b) 


(f) 
(g) 
(h) 


(f) 
(g) 
(h) 


Cast iron. 


(a) 
(b) 


(c) 
(d) 
(e) 


(f) 
(g) 
(h) 


Factor = 
Breaking stress, Table X7V 
Max. tension, Zable XV 








2.70 * 
2.76 * 
2.76 * 


4.65 * 
4.77 * 
4.77 * 


1.375 
1.41 


1.00 
1.02 


2.14 
2.19 
2.19 


1.28 
1.31 
1.31 


No test of strength. 


1.47 
1.50 


1.44 
1.45 
1.525 


2.05 
2.10 
2.10 


in a Ae RES ES 


torn cers cai 2 


athe Sis it 5a Se ee ees 


FAIRY Te 6 


soa 























Kind of strain. 
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Transverse strain, 


Transverse strain, 


+ Transverse strain, 


Transverse strain applied 

to rotating bar fixed at 
one end and loaded at J 
the other. The strain 
was therefore reversed 
each half revolution. { 





Maximum | Minimum 
tension. tension. 


48,150 O 
53,500 | O 
58,500 Oo 


17,120 


25,680 
32,100 


32,100 yi eee 


32,100 





TABLE XV.— 


Maximum 
com- 
pression. 





17,120 | 


25,680 





32,100 


32,100 


32,100 | 
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CONTINUED. 


a _ ( 
‘ 


Range, Number Bar 





* Factor = 4 
of of broken Rey nay Breaking stress, Table X/V 4 
stress.| repetitions. ornot.) ” ‘| Max. tension, Zable XV 
Soe 
k 1.96 : 
48,150 43,000,000 Not. © Log | 
4 (0) 1.42 ' 
53,500; 4,100,000 Not. (p) 1.52 F 
(q) 1.23 ‘ 
58,500 3,600,000 | Not. (r) 1.30 | 
34,240 132,250,000 | Not. te) > | 
(c) 2.40 
51,360 3,930,150 | Broken. (d) | 2.42 
(e) | 2.54 
(f) | 3-42 
ne 64,200! 4,163,375 | Broken. (g) | 3.50 
(h) | 3-50 
| 
(f) | 3.42 
64,200 45,050,000 | Broken. (g) 3.50 
(h) 3-50 
k) | 2.93 
6 Not. ( 
64,200 57,360,000 ot. | (l) | 2.97 
¢ ‘ 
(k) | 3.14 
59,920| 3,558,700 ignnane (1) | 3.18 
; 
| ie 3.38 
55,640, 14,176,171 | Not. | (l) 3.42 
| (m) - 2.77 
47,080 8,660,000 | Not. (n) 2.50 
21,400| 19,327,460 | Broken.| Copper. No test of strength. 
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TABLE XV—CONTINUED. 


FOOT NOTES. 


*In these two experiments the stresses are actually shearing stresses; that is, 
tension accompanied by equal compressions across normal planes. As the compres- 
sion assists the tension to fracture the material, the ultimate shearing stress is about 
-7 of the ultimate tension. Hence the factors given, being obtained from tests 
(f) (g) (h) on ultimate tension, must be corrected by reduction to .7 of the value 
in the table. This gives 


2.70 XK .7 = 1.89 
2.76 X .7 == 1.932 
4-65 X -7 = 3-255 


4-77 X -7 = 3.339 


+ There is a misprint in “ Engineering,” the maximum tension being given as 58,500 
pounds and the range of stress as 53,500 pounds. I have given the larger figure, as 
it is probable that the plate would stand more fatigue parallel to the direction of roll- 
ing than at right angles to it, as in the previous experiment. 

¢ There were other experiments in this class to show the effect of sudden change 
of diameter of the shaft, without a fillet. These were decidedly inferior in strength 
and durability to those given here. 


Now, usually the stresses will not be fully reversed in any 
piece subjected to a live load, the tensions being more intense 
than the compressions, or vice versa. This has been fully pointed 
out in §84. In bolts, caps of bearings, and many other parts, 
the stress can, generally, only come in one direction.* Hence 
for these cases we would conclude from Zad/e XV that the 
highest necessary factor is about 3, and that frequently a lower 
one should serve. But there are reasons, apart from any 
questions of vibration, why these factors should be somewhat 
increased—the calculation of stress may not be exhaustive; 
there will be an augmentation of the maximum stress where 
there is a sudden change of section in any part; in a structure 
with redundancy of parts it is impossible to anticipate exactly 
how the stress will be distributed, as, for instance, in a riveted 
joint the rivets will not all contribute equally to the strength. 
But even if the calculations are exhaustive and all causes of 





*It is shown in 370 that where extension will upset the running conditions seri- 
ously, the maximum allowable stress per square inch on mild steel bolts is from 8 to 
12 tons—roughly a factor of 3 from the breaking stress. This is not the condition 
contemplated in the text, but it leads to the same conclusion. 
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undue stress are avoided carefully in the design, we know from 
experience that a factor of safety from a live load of anywhere 
near 3 would certainly lead to failure in the vast majority of 
cases. Between 3 and the apparent factor of 8 to 10 there is a 
great gap which the causes just mentioned are not nearly able 
to fill; yet, even with these large factors, fractures showing good 
sections of metal are far from unknown. 

The apparent discrepancy has always appealed to me very 
strongly; as, I have no doubt, it must have done to many others 
also. 


94. REASONS FROM PRECEDING INVESTIGATION FOR 
HIGH FACTORS OF SAFETY. 


But we have seen how, under various conditions, we are liable 
to a large increase of stress through the induced vibration of 
natural period. If the friction is larger than the rigid gear inertia 
in a reciprocating (or rotating) part driven by an elastic gear 
there is at reversal an important increase of the inertia stress, as 
shown in Chapter V. So great is this that with the rigid gear 
inertia only one-fourth of the friction the total stress.is raised to 
2} times the friction. This result follows however stiff the gear 
may be. That this increase of stress is real, cannot be doubted ; 
but I do not suppose that anyone watching a valve gear driving 
a flat slide valve ever saw any visible evidence of it. 

Again, Fig. 21 shows, that when the friction is small compared 
with the inertia, however high the natural period, the stress of 
the actual synchronizing vibration will (under the most favorable 
circumstances) rise to nearly 1.4 times that due to all the non- 
synchronizing terms before zt ceases to be negative; and this 
with single reversals, so that the effect would, probably, be quite 
invisible. Before the actual synchronizing vibration ceased to 
increase t would have to acquire a definite positive value. The 
range of conditions which would allow /, to rise to equality with 
the inertia stress of all the nonsynchronizing terms before t be- 
came positive, is so wide that the probability of their being 
fulfilled is great. Hence, even without an important rigid gear 
synchronizing term, the total inertia stress may be run up. 
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If the epoch of the actual synchronizing vibration had been 
near ¢, Fig. 30, it would have required much more friction than 
that in the last column of Zad/e X to keep /, so low as 1.2 J, 

As the value of t varies so much with the epoch of the actual 
synchronizing vibration, and depends also on the exact form 
of the energy transfer curve, there will always be anomalous 
cases when inertia greatly exceeds friction—some gears may 
be strained much more heavily than others under, apparently, 
almost the same conditions. Evidence of this would be exceed- 
ingly interesting but would be difficult to obtain definitely. 

Again, with regard to visibility of vibration, it is interesting to 
note that while in the Mewark’s earlier trials it was very evident, 
as Fig. 30 would lead us to expect since there must be a marked 
triple reversal for the #, curves, on the third trial the vibration 
does not seem to have been remarked. At .65 cut off, it is im- 
probable that /, was less than 1.2 /, and 1.51 /,, and Fig. 30, 
shows that there was still a triple reversal near f, Fig. 29. But 
the actual synchronizing vibration is then little removed from 
the conditions for single reversals. Thus we have further 
support for the truth of the theory in the cessation of visibility 
of the natural period vibrations just when we would expect. 

Lastly, when viscosity alone acts in absorbing energy, we have 
seen in the preceding chapter how smooth the motion must be, 
unless the gear or structure is exceedingly stiff, if the inertia 
stress of the actual synchronizing vibration is not to become 
important. I have known the cylinders of a large inverted 
marine engine vibrate so much at full power that it was nearly 
impossible to take indicator diagrams; and it is rare that in such 
cases there is not a very sensible vibration. 

However, when viscosity acts alone, given sufficient stiffness, 
we have also seen that the increase of stress will be slight, and is 
it not the case that in such structures as those engine framings 
made up wholly of struts and ties, which impart great stiffness, 
the parts may safely be made very light and the stresses high ? 

It may appear that the necessary slack in the joints of any 
gear form, in some way, a difficulty in believing that small vibra- 
tions of high period exist, as they might not be transmitted 
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through the gear. But, especially in high speed gear, the brasses 
require to be set up very closely, in order that the gear may run 
at all. Slack would produce shock, the energy of which would 
appear as excessive vibration. Such a gear is, expressively for 
the present argument, called a “rattletrap.” In closely set up 
bearings, well lubricated, these small vibrations will readily be 
transmitted ; for, if the film of oil in a crank pin serves to separate 
the surface of the pin from the brass under pressure lasting dur- 
ing half a revolution, it will readily bear the momentary push of 
a high period vibration without escaping. 

If the increase of stress is established, we see that in many 
successful machines the actual stresses will be nearly, or even 
more than, double the rigid gear stresses. The necessary factor 
3 from Wohler’s experiments will be raised to 5 or 7 for a wholly 
live load; and the margin between § or 7 to a factor of safety of 
8 or 10 seems a reasonable allowance for the various causes of 
local rise of stress, imperfections of workmanship, and so on. 

But even with a factor of 10 there is not a great margin for 
the careless underestimation of stresses ordinarily included. 
Care should be taken by the adoption of a stiff formation in the 
design and by the employment of a sufficient factor of safety 
that ample rigidity is secured. We thus as a rule diminish all 
these inertia effects and also avoid, in the large majority of cases, 
the necessity for the more troublesome calculations of elasticity. 
That such calculations should not always be lightly set aside 
this whole investigation goes to prove. 

Let me enforce the opinions I have put forward by a quota- 
tion from a man who is well qualified to speak : 

“All who have stood near the center of a 200-foot or even a 
100-foot girder, at the time a train has been passing over the 
same, cannot fail to have noticed that, in addition to a vertical 
component of motion, a strongly pronounced lateral swinging 
has taken place. A similar movement is produced by a breeze, 
which may be considerably increased in a gale, especially per- 
haps when a train is passing. It was under these conditions 
that the Tay Bridge disaster took place. The ease with which 
a transversal swing may be established and then augmented, 
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even on a 200-foot girder, is recognized by anyone who, stand- 
ing near the middle of such a structure, has swayed from side 
to side in a direction transverse to the length of the bridge, 
timing his movements to those he is creating.” * 


95. FACTOR OF SAFETY FOR A DEAD LOAD. 


The value of the factor of safety for a nearly dead load, above 
that indicated in Z7adb/e XV, is partly due to the reasons indicated 
above which go to raise the factor for a live load, such as change 
of section. There is, besides the necessity to avoid too close 
proximity to the elastic limit, or serious elastic deformation. 
But the table shows that a higher actual stress may be employed 
than for a live load. In other words, the reason for the smaller 
factor of safety necessary for a dead load lies partly in the physi- 
cal constitution of the material. This is not what is usually 
taught or believed, as the following quotation goes to show: 

“A dead load is a load which is put on by imperceptible 
degrees, and which remains steady, such as the weight of a 
structure, or of the fixed framing in a machine. A /ive load is 
one that is or may be put on suddenly, or accompanied with 
vibration ; like a swift train traveling over a railway bridge; or 
like most of the forces exerted by and upon the moving pieces 
in a machine. 

“Tt can be shown that in most cases which occur in practice a 
live load produces, or is liable to produce, /wice, or very nearly 
twice, the effect, in the shape of stress and strain, which an equal 
dead load would produce. The mean intensity of the stress 
produced by a suddenly applied load is no greater than that 
produced by the same load acting steadily; but in the case of 
the suddenly applied load, the stress begins by being insensible, 
increases to double its mean intensity, and then goes through 
a series of fluctuations, alternately below and above the mean, 
accompanied by vibration of the strained body. Hence the 





* Vibrations and Engineering, by Mr. John Milne, F. R. S., F. G. S., &c. “ En- 
gineering,” Vol. LXI, page 337. See also, On the Vibrations Caused by Trains 
Passing Over Iron Bridges. By C. A. Pownall], M. Inst., C. E., and John Milne, 
F. R.S., F. G.S., &c. “ Engineering,” Vol. LXI, page 111. 
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ordinary practice is to make the factor of safety for a live load 
double the factor of safety for a dead load.”* 

The references to vibration as a cause of increase of stress are 
very interesting, but the passage seems open to much criticism. 
Equation (22) shows that most of the forces exerted upon the 
moving parts of a machine, where we have reasonable stiffness, 
do not exert a much higher maximum stress than an equally 
intense dead load, unless there is synchronism. Then the limit 
of increase of stress may be much higher or lower than twice, 
depending on the conditions of the motion. 

What Rankine founds on in the second paragraph is that if a 
weight is held so as just to touch the scale pan of a frictionless 
spring balance and, the pointer being at zero, the weight is re- 
leased, the balance will register, as a maximum, twice the gravity 
of the weight. This, however, is a special case, and by varying 
the conditions any desired intensity of stress may be obtained. 
In any analogous case in practice a careful engineer would cal- 
culate the highest stress, not the gravity of the weight alone, 
and apply his factor of safety to this. 


96. CONCLUSION. 


It would be absurd to suppose that all the processes of calcu- 
lation I have given can be frequently repeated in the ordinary 
course of designing ; but they might, at least partly, be resorted 
to with advantage and with but little labor in cases where the 
effect of elasticity seems doubtful. Their application would 
have saved many expensive breakdowns in the past; and if 
applied to such cases as the Vewark, where serious trouble has 
arisen, would gradually accumulate a store of valuable data 
which could not fail to be useful. 

The rigid gear inertia of any motion can be at once obtained, 
and the smoothness of the motion to some extent judged by the 
rise of stress over simple harmonic motion. This is a valuable, 
but not an infallible criterion of the importance of the harmonics, 
as the acuteness of the maximum depends not only on the ampli- 
tude of the various harmonics, but on their epochs also. For 





* See Rankine’s Machinery and Millwork, p. 488, 3d edition. 
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instance, the same series of harmonics gives the low as well as 
the high maximum of &,, Fig. 26, and also all the values inter- 
mediate between the maximum. But we may be sure that if the 
excess is near 86 per cent., as in the Vewark’s full ahead L.P. 
gear, it would require very great friction to make the gear work 
if the natural period is not much higher than the 6th. From 
the Chicago we may also safely conclude that for s=6 and the 
excess over simple harmonic motion, not exceeding 20 per cent., 
the gear will work with very moderate friction. Zad/e X/// al- 
most certainly gives the upper limit of stiffness necessary in the 
two cases, friction being absent. We have— 

For Newark, full ahead, or equivalent motion, 7=.305,s=11 or 12. 
For Chicago, full ahead, or equivalent motion, 7=.199,s= 8or 9. 

Probably the lower value of s would be satisfactory; and, with 
very slight friction, at least one period less. 

The Petrel and Katahdin seem to teach that even with an ex- 
cess of only 30 per cent. it would not be safe to lower s below 6. 

The calculation of the natural period for a complex gear in- 
volves considerable work; but a rough estimate, taking only the 
effect of crossbending and torsion, will be easily made, and will 
indicate if s is dangerously low. 

The complete calculation of inertia stress involves the full 
determination of the rigid gear synchronizing vibration, and this 
will only be possible in a very limited number of gears; but the 
energy absorption curve can always be drawn for any value of ,, 
and this will show if there are any parts of it with a dangerously 
low value of tr. A value of s giving such a curve for values of 
u, which would raise /, dangerously, should be avoided if pos- 
sible. We might be so unfortunate as to have the epoch of the 
actual synchronizing vibration falling on this part of the curve. 

I shall borrow another sentence from Mr. Milne* as a fitting 
close to this investigation. : 

“As to the results which may accrue by extending our know- 
ledge of the vibrations of bridges, steamships, buildings and 
various structures, inasmuch as we are only yet entering a new 





* « Engineering,” Vol. LXI, p. 399. 
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field of inquiry, it is impossible to foretell; but from the little 
we have already gleaned, it is not unlikely that the study will 
be accompanied with fruitful returns.” 


APPENDIX A. 


NOTE ON ZEUNER’S DIAGRAM. 


The diagram, Fig. 1, is not completed near the center QO, in 
order to call marked attention to the fact that the only way to 
give a continuous smooth curve through O would be to treat 
displacements on one side of the arbitrary point O in the valve 
travel as positive and those on the other as negative, which 
would make the two parts adc ...,a’b’c’ ..., fall nearly 
over one another and confuse the diagram if O is chosen, as 
Zeuner always does, near the center of the valve motion. Hence, 
it is convenient to treat in the diagram all displacements, whether 
on one side of O or the other, as positive. 

This change of convention as to the sign of the radius vectors 
is of no consequence, as the method of estimating stress about 
to be explained in the test fails at the point O, and it is inadvis- 
able to use it when the radius vector is very short. As the 
point O is arbitrary the stresses occurring in the parts of the 
valve movement which would be represented by the parts of the 
curves omitted may be readily investigated, if thought necessary, 
by choosing a new point from which to measure displacements. 
But if O is chosen near the center of motion of the valve, the 
inertia stress will be far from a maximum in its neighborhood 
unless the irregularities of the valve motion are very great in- 
deed. ‘ The change in the sign of the radius vector is pointed 
out by Zeuner and is adopted by him simply to keep the diagram 
clear. See p. 14, footnote, of his work on Valve Gears; 3d edi- 
tion, English translation. 

62 














INERTIA STRESS OF ELASTIC GEARS. 


APPENDIX B. 


EFFECT OF VARIOUS ERRORS ON THE ESTIMATION OF THE RIGID GEAR 
INERTIA STRESS. 


Let us consider the effect on the estimation of the stress of 
errors in g and p, and also the effect on the final error of the 
transformations of the valve curve proposed in the text. 

If instead of the true value of sec gy the measurements give 
(1+ @) sec y, ¢ being the proportionate error, the right-hand 
side of equation (5) is changed to 


MES set p —2(1+efsety +. 

As e will always be a small fraction, we may write this, 
pig — 280g +1 +e(Esecg — 4 sectg). . . (ub) 
= 7 seo y — 2 sec +1 
+ e{ 3 (Zsecty —2se? gy + r) + 2se? 9 —3 \ 
= { Zsecty — 2sec*y +1 \ 


el”. ae, Sita 
\ r(Z sec? g — 2 secty + 1) 





The proportionate error in the deduced stress is thus—equa- 
tions (2b) and (5)—given by 


r(2 sec? yp — 3) ) 

A ae 
dP 

The smaller ¢ is the smaller will be the probable value of ¢. 

For instance, if g is actually 8°, the error involved in estimating 

¢ = 0°—a much larger error than could occur—would only give 


e = —.o1, and for g = 4° the error in taking gy = 0° would bea 
quarter of this, and so on. Hence, the advantage of the process 
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explained in the text, by which g can always be made nearly 
zero at the part of the curve where the stress is being measured. 

Dealing now with the factor of ¢, equation (1b) shows at once 
that the final error in estimation of the stress can only be zero 
when 


er ci —4s¢e? yo =0. 
That is, when 
Ya 
pcosp” 3 


If we suppose O chosen at the center of the valve travel we 
may make comparison with the Zeuner diagram. In it we 
readily see that 

- 
== 3 
pcos ge 


always; and thus at any point in the exact diagram where the 
stress is much augmented by the departures from simple har- 
monic motion, this quantity must be greater than 2. Hence, in 
all cases of practical importance, an error in estimating sec ¢ will 
always produce an error in the final result. 

Expression (3b) shows that when sec?g = 1.5 (y about 35°) 
the proportionate error in the final result will be 3¢ wherever O 
is chosen. For greater values of ¢ the factor of ¢ will be greater 
than 3, and for lesser values less, but not evanescent except for 
very low stress. Thus, when g =o the proportionate error in 


equation (26) becomes 
is i 
(3 rip — i): 


when O is near the center of the valve travel, 7/p in all important 
cases is, as we have just seen, greater than 2, and the propor- 
tionate error will still be greater than 2e.. 

We conclude from the above that large values of g should be 
avoided, as they conduce both to a large probable value of ¢ and 
to a large factor. 
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Let us now examine the effect on the proportionate error of 
shifting the arbitrary zero point O. 


I da 
Tang =— Ty wi aims tend say hie 


Hence, as dr/d@ is not affected by a shift of the zero point, sang 
is inversely proportional to r; and the farther from the point 
under examination we choose OQ, the nearer zero ¢ will be, and 
the smaller the probable value of ¢. 
The variable part of the factor of ¢ is 
r (2 sec? y — 3) 
jciere 9 
dF 

As Fig. (1) is drawn d@*r/d@ is negative and 7 is always assumed 
positive, hence the factor will be increased by an increase in the 
algebraic value of (2 sec? gy — 3), and decreased by a decrease. 


If y =r (2 sec* y — 3), 


dy ;, e 
we have a. 25009 —3 + 4r sing sec? 7. 


From equation (4b), 
dy 1 dr tan ¢ 
be oe FP a 38 
Rm 1) ar pe a 


r 
since dr/d6 is constant ; 


aii dy _ _singcosg 
dr r 


Thus Y 2 sec? gy —3—45in* 9 sec*?y = 1 —2sec*¥. 
This quantity is always negative, and therefore the factor of ¢ 
will always be diminished by removing the zero point O from 
the part of the curve under examination if d*x/d@ is negative. 
In other words, errors arising from a definite proportionate error 
in the estimation of ¢ will be decreased at any point a’, Fig. 1, by 
shifting out from O all the points in the curve a’é’c’ . . . in the 
neighborhood of a’, by a constant amount. 

In Fig. 2, shifts inward greater than the radius vector are used, 
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but as they are made when ¢ is zero, ¢ will be zero, and thus 
they are not open to errors of estimation of ¢. 

Consider now the effect of an error in measuring p. If ¢, is 
the proportionate error, the calculated stress will be 


r 
p(t + ¢;) 


or approximately 


sey —2sePg +; 


r sec 
f 


yr ‘ 

—~see yo —2se*o+1—4e4, 
0 2 
‘ 


It will be difficult to measure p within a small fraction of its 
whole amount if it is either very small or very great, and there- 
fore it will depend on the particular case what the probable value 
of ¢, is and whether a transformation in the diagram will increase 
or diminish it. As stated in the text and shown at the end of 
this note, p is usually diminished by changing the curve to make 
¢y zero, and it is increased by shifting the curve out from O. 
Unless for unusually large valve diagrams decrease of ¢, would 
probably follow from making these changes simultaneously if 
the curve was carried out till o was at least 2 to 3 inches in 
length. 

From equation (5) the factor of ¢, 

. 2 
rues =— . - + 2se?’o —1. 
For d’*r/d@ negative and, of course, constant, the first term is 
positive and is diminished by shifting out the curve. 2sec*g —1 
is also positive and is diminished both by shifting out the curve 
and reducing ¢ to zero. 

To sum up—The probable accuracy of the process is increased 
both by changing the curve so that ¢ will become small and by 
adding a constant length to all the radius vectors near the point 
under examination. Against this must be set any inaccuracy of 
the processes by which the changes are effected, but these are of 
such a nature that they may be performed with great exactness. 
There is also a limit to the amount by which the radius vectors 
may be profitably increased, as the radial shifting of the points 
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separates them; if too far apart, the exact form of the curve 
will become more doubtful. Trial, however, seems to bear out 
the advantage of using these shifts in many cases; but it is, of 
course, a matter which must be left to individual judgment. 

The truth of the two statements in the text regarding the 
changes of radius of curvature when ¢ is reduced to zero and 
when then the reference point O is shifted, is almost evident. It 
is perhaps well, however, to set down more exactly the nature 
of the changes and the limitation of the first statement. 

Equation (5) may be put in the form— 


a ge fg (tS 
ae {2 (ap +1) costy |. 
We need only consider the case of d*r/d@ negative and r 


positive, as in Fig. 1. 
If y is unchanged and the curve turned around so as to change 


gy, we have, 
di , 1 d’*r ’ 
‘Mien oe + 3 (2 G+ r) sin 9 cos? y, 
Equating this to zero gives 
: 1 da*r 
Sing =o0r3 (55+ 1) cost g = 2. Se) 
1 a? 
Ist. —-ig>. 


It will be found that g =o makes 
. T negative 
dy’ p : 
Therefore p is then a minimum. 
The value of g for p a maximum is given by 
1 d*r 
Caet 
As this gives cos? g > 1 no maximum if p is reached for a 
finite change of dr/d6. 


2d. 


) cosy = 2. 


1 d*rv 
7 dest 
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The above maximum and minimum are now reversed. The 
second equation (5b) now gives, for the position in which p isa 
minimum, a real value of yg which recedes from zero as 

1 a’*r 
+ dP 
is diminished. 
In Zeuner’s diagram 
rv = a, cos(9—s,) 
and C= — 4, c0s(0—4)=—r, 
2 
or i oat. ‘ete ea et ee 
Here, if g were changed from a comparatively large angle to 
zero, would become a good deal. smaller and the probable 
value of ¢, might be much increased. 

Again, equation (6b) shows that for the Zeuner circle diagram 
the point O would have to be shifted from the point (7,, 9,) of 
the curve till all the radius vectors had been increased by a con- 
stant amount greater than 27, before we reached a set of curves 
for which 


1a%. 
—— 7e 's less than 4. 
Till then, g =o gives p a minimum at this point. In the exact 
2 
diagram, at points of specially high stress, —i5 will be 


greater than 1, if O is near the center of the valve travel, and 
y =0O would give p a minimum over a correspondingly greater 
change of the radius vectors than in Zeuner's diagram, which is 
a larger shift than would usually be employed. 

For comparatively large shifts, the above indicates that the 
valve of p, and consequently the probable value of ¢, ceases to 
be affected much by changing ¢ to zero. 


If g =0, we get, 
I I 1 a*r 
= 7 (1-720) 


d*r/d@ being negative, p evidently increases with r. 
The questions treated in this appendix may seem to have more 
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space devoted to them than their importance demands, but the 
estimation of the stresses is a process so very delicate that the 
effect on the accuracy of the result arising from any of the pro- 
cesses involved deserves careful attention. 





APPENDIX C. 
HARMONIC ANALYSIS OF THE MOTION OF THE POINT 4, FIGS. 4 TO 7. 


As the analysis of the motion of the point A, Figs. 4 to 7, 
throws much light on the action of valve gears, the method by 
which equations (12) to (15) were obtained is given here. 

As explained in the text, the variable height of A is given by 


gpwk+ ace. ne coe ss 0) 


The harmonic analysis of the horizontal movement is required. 
} 2 
r= / (R*—,’) =R|(1 —*n)i 


’ ee ke ( it os | 
that is, R=V4 I— Fall + 200s ) cde te (2c) 
As y/R is always less than unity, we may expand equation (2c) 


by the Binominal Theorem. 
The expansion may be written, 


rv a ° ( a we 
i — es, ss re) 
R=! N, (1 + {cos 6) V,\1 Boos ) 
a 6 
— N, (1 + Z¢0s @) — &c., . . (3c) 
1 # 1.3 & ef 
where N, = > N= 3 : R N, = 3 re Re &c. 


For successive calculation these coefficients are most conveni- 
ently expressed thus— 


1k 3 72 5 r r 7 ar 
N,= , =-N2 N,==N,N,, Ne=*NNg . > 
ae N, - N.*, N, ried al Eels hae NN, 
i 2(n — ”) N,N, ae pia bce 4 CR ce 


a 


The expansion of equation (3c) in terms of powers of cos Gis 
given in the following table. 
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Each of the numbers in the horizontal rows is to be multi- 
plied by the J coefficient in the left-hand column and in the 
same row; and all the products in the vertical columns are to 
‘be added to find the P coefficient at the foot of the same column. 


Thus, 
Pp=N,+15 M+ 70N, + 210 My + &e. 


Ay=1—N,—N,—N— &e., 


we see from equation (3c) that it is equal to 7/R when a=o, 
Therefore, from equation (2c), 


na|(t—2) 


and can be estimated without making the summation indicated 
in Table Ic. 
We must now apply the well-known formulas— 


As 


2co?@ =1 + cos26, 
2? cos? =: 3 cosO +- cos 36, 
&c. &c. &c., 
which for convenience we may arrange in a table thus— 


TABLE Iic. 


1 | cosO cos 20 cos 39\ cos 49 cos5@ cos60 &c. 


2 co? O= Se ee I 


2*cos O=|.. ee ae wee 

cos@=| 3) .. | 4] .- I . 

ye eo 2 es cor So I or 

yg ES oe ae ore oe Me I =e 
&c. wet ge Ree ee eee &c. «| ae 





&c. mar a. t eT ee TS oe ae 
Arranged in this way the law of the numerical coefficients 
becomes evident and the table can readily be extended indefi- 
nitely. 
We can now arrange the final result in a table constructed 
like Zadle Ic. 
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The operations indicated by this table are readily intelligible 
after what has been said explanatory of Zad/e Jc. Thus, 


a= 3 (4) +43") + (2) + & 


This process fails when £=0. We then have 


r | ne \ 
R-N I — 7608 0 
= 1 — J, cos? 0 — N, cost 0 — N, cos’ 6 — &c., 
the only change in equations (4c) being that now 
La 
2 R* 

The rest of the numerical process can readily be arranged in 
tables similar to those just given. 

Examination of the evolution of the Q coefficients shown by 
Tables Ic and /I/c at once makes evident the reason of the great 
response of the amplitude of the high period movements to any 
change in the angle COX of Figs. 4 to 7, or in the angular 
swing EOF of the links OA. Separating out the commence- 
ment of the series for Q,, Q, and Q,, we have— 


an 3{h+3(4) +8 (4)+ 
‘)" 


+ (8) (84) 


N, = 


Bye} 


+ &c. 

a= (4) {1+3 (4) +3 (8) +---| 
+ (8) (3+ 23(g) + (A) +--+} 
+ &c. 

a= (4) {32+25 (2) +285 (F)'+ ...} 


~~ 


+(f) {fart age (x) + Tone (2) + 
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Thus, the amplitude of high period motions depend only on 
high powers of the ratio a/R; and principally on high powers of 
the ratio £/R, especially if the ratios a/R and #/R are compara- 
tively large. The series then become very slowly convergent. 
This is well shown by the fact that to obtain the coefficients for 
the first line of Zad/e VI (k/R= .8, a/R=.12), it was necessary 
to carry the calculation as far as Vy and A: even then several 
remainders had to be estimated, and there is a slight doubt, in 
some cases, whether it would not be more accurate to replace 
the last decimal given by the figure above or below it. 





AppENDIx D. 


MOTION OF A MASS SUSPENDED BY A SPRING, THE UPPER END OF WHICH 
HAS ANY ARBITRARY VERTICAL PERIODIC MOTION.—(1) NO RESISTANCE 
TO MOTION. (2) FRICTION PROPORTIONAL TO VELOCITY. 


To prevent inconvenient interruption of the text, I give in 
this Appendix the deduction of some results quoted there, relat- 
ing to the effect of elasticity of the gear. 

A mass J is suspended by a spring of known strength. The 
upper end is moved vertically in a known manner, and the con- 
sequent movement of JZ is required. 


(7) No Resistance to Motion. 


If suspension of M/ were by a rigid connection, it would have 
the same movement as the upper end of the spring. 

rv =the displacement of J, in feet, at time ¢, measured from 
any chosen position in its line of motion, when the spring is 
replaced by a rigid connection. 

rv, =the actual displacement of J7/, in feet, at time 

=the strength of the spring, in pounds weight, for a known 
value of g, the intensity of gravity. Thus the force in absolute 
units required to displace the mass M by a distance dr, when the 
upper end of the spring is held fixed, is fgdr. 

If v and 7, are estimated as positive when the displacement 
is upward, 7, —7 positive will give a downward force on the 
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mass M. Hence the acceleration will be negative. Thus, sup- 
posing no friction, the equation of motion is 


dr, 
M a + Sg (n—")=09, 
or Dr 2.4. 4 ee 
7 + O(n —)=0, 


where w7 = fg/M, a positive quantity. 
Equation (1) we may write, for brevity, 


r=k-+ 23° a,cos(mwt—s,) . . . . (2d) 


a being put equal to each positive whole number in succession. 

From the physical problem involved we may readily perceive 
the nature of the solution of equation (1d). 

When the engine is standing with r =o, if the valve—mass 
M—is forcibly displaced in its line of motion and released, it 
will vibrate indefinitely with its natural period, since there is 
supposed to be no friction or other cause to absorb the energy 
of vibration. Equation (1d) then reduces to 


d*r 
77d + w7r, =0dO, 


of which the known solution is 
y,mz Mca(wf—ai),..... . (3h 


where A and A are two independent arbitrary constants. That 
is, the motion imposed on Y/ may have any amplitude and may 
pass through its central position at any time. (Practically, the 
amplitude would be confined within that determined by the 
elastic limit of the gear or spring if a permanent change in the 
initial conditions were not to result, but the solution does not 
express this, as no such limitation has been supposed in forming 
equation (1d) ). 
We may note here that this solution (3d) may also be put in 
the form 
r,=A'coswt+ B’sinwst, . . . . (3d) 
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where A’ and PB’ are independent arbitrary constants. For we 


have 
A'=Acosi, B'=Asini; 


that is, A? + B”? = A’ and fani= B'/A’. 


Thus we may choose A and 4 so as to give A’ and B’ any 
values we please. 

Equation (3d) will form part of the solution of equation (1d), 
since the motion expressed by equation (2d) does not prevent 
any disturbance from affecting the motion of M, nor does it alter 
the rigidity, (, of the gear or spring. 

There is left the part of the movement of / which is induced 
by the working of the gear or movement of the upper part of 
the spring. When the gear is running steadily it must repeat 
the same movements each revolution of the engine. The motion 
must therefore consist of a series of simple harmonic motions 
with periods equal to the period of the engine or submultiples 
of this period ; that is, it must be similar in form to equation (2d). 

Thus we have 


r, == k' + 23° a,' cos (nwt — ¢,') + A cos(wt—A),... (4d) 
a*r, VO. 142,2 ’ 2 2 ; 
and = — 3” a,'n*w* cos (nwt — ¢,') — Aw, cos (wt — 4). (5d) 


dt? 
Substituting for 7, 7,,and d*r,/d:*—given by equations (2d), (4d), 
and (5d)—in equation (1d), we get, 


— 2” a,/n*w* cos (nwt — ¢,') — Aw, cos (wt — 4) 
+ w2 {k’ + 3° a,! cos (nwt — ¢,') + A cos (wt — 4) 
— k— “a, cos(nwt —¢,)} =0. . . (6d) 


If equation (4d) is to be a solution of equation (1d), this ex- 
pression must be an identity. Aw,’ cos (w,¢ — A) vanishes identi- 
cally. The constant quantities must cancel one another; hence 


= k. 


We are left with a series of periodic functions, and in order 
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that equation (6d) may be fulfilled identically, each set of periodic 
functions of the same period must vanish identically. Hence 


a,! (w,? — n*w*) cos (nwt — ¢,') = a,wZ cos (nwt — ¢,). . (6,4) 


The two sides of this equation pass through their zero value 
at the same if 
/ 


&, =€ 


ny 


and will have the same maximum value if 


4,0, 


a, = ite it gine oe 


wo, — n*v* 


Let us now express w, and zw in terms of the corresponding 
periodic times Z and 7,. When J is vibrating in its natural 
periodic time the motion is expressed by A cos (w,t—A). This 
goes through a complete cycle in time 7; that is, the angle 
w,t —/ increases by 2z in that time. Thus, 


w,] = 27, or (8 = o,= sa 


which agrees with equation (16). 


Similarly, nwT,, = 27, or nw = Ss 


7 


which agrees with equation (21). 
Substituting these values of Z and 7, in equation (7d), we get 
/ 


2z\? 
pte. 2 SERRE 
Sues (2 mo ar = 77,2 
T T, 





Equation (4d) thus reduces to 


,; yo 


r= k+s) - —Faratos (nwt — ¢,) + Acos(wt—A). . (8d) 


This agrees with equation (22) and completes the solution of 
equation (1d) except for an exact coincidence between the natural 
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period 7 and that of any one of the periodic disturbances pro- 


duced by the engine. If 
T= 7, 
the coefficient 
a, 


1— 74/7? 
becomes infinite, and the term in equation (8d), 


a, 
1— 747? cos (nwt — ¢,), 
ceases to be part of the solution of equation (1d); as, supposing 
such a coincidence, the corresponding periodic motion could not 
become indefinitely great all at once. But there would be a 
gradual communication of energy and gradual growth of this 
disturbance. 

It is instructive to examine the nature of the solution for this. 
case, and the result will be found of the very highest importance, 
not only in the solution of the simple problem where friction is 
supposed absent, but in the actual physical problem with fric- 
tion taken into account. ; 

As the solution, equation (8d), holds good except for one 
period we only require the solution of equation (1d) when 


y=a,cos(wi—eé), . . . . . . (gd) 


s being the suffix indicating all quantities belonging to the syn- 
chronizing vibration. Thus, @,, zw, and ¢, are replaced by a,, 
w,, and €,. 

Suppose that w,¢ — ¢, = ,/’, and instead of making the periods 
coincide exactly make 


y= a,cos(w,—y)t. . . . . . (10d) 


By taking 7 small enough we may make 7, as nearly as we 
please equal to 7, and thus watch the effect of gradual approach 
to synchronism. 

From equations (7d) and (8d) the solution of equation (1d), 
for the term (10d), is 
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2 
ao, ‘ 
n= ~ ad (w, — 4) U + Acos(w,’ — i)* 
a o 
2 of, U 
a aw, sin gl F 
={ A sink +-~*—_* \ sin ot! 
7 (2m, —7) 
if , , 4,2 cos nt’ 
+ A cosh + oe f 


7 (2, — %) 





\ casa! .. (11d) 


Let us now choose 7 so small that, for any period of time 
over which we desire to follow the motion, 7/ remains a small 
angle. We have then, sensibly, 


‘aie : ~ / 
cos yt’ = 1, sing =r". 


If also we write 2w, for 2w, — 7, since the ratio 7/2, is so minute, 
equation (11d) reduces to 


at 
2 


+ { Acosh + 2 cos af. . fee 
2% 


7, = { A sink + \ sin o,f’ 


7 only appears now in the term @,w,/27, but as 7 is diminished 
towards zero to establish synchronism, this quantity becomes 
indefinitely large. We must examine the case carefully. 


Make the substitution 
Asinkh=C, 


where C is an arbitrary constant. 
Then Acosh= Ccoti, 
and equation (12d) becomes 


a,w,l’\ . . ia 
7, = (c + .% ) sin wf! + (Ceoti + We) cos wt’. . (13d) 
/ 


Hence for any value of C required in the coefficient of sin w,/’, 
we may so choose / that however large a,w,/27 is 


5 aw 
Ccoth + “=A, 
27 


where A’ is a perfectly arbitrary constant. 





* The change from ¢ to / makes a change in A; but as A is arbitrary the change 
does not require to be noted. 
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Equation (13d) becomes, 
/ 
i= ( C+ wee ) sin o,f! + A’ cosa’; 


or, replacing /, 





i= (c _. + ace ) sin (w,t — €,) + A’ cos(w,t — €,) 
= (2, + ad) sin (w,t — ¢,) + A’ cos(wt—e,), . . (14d) 


where B, = C — “es is the value of the coefficint of sin (w,¢ — e,) 


when /= 0. 

For the complete value of 7, we must add the right-hand 
sides of equations (8d) and (14d), the term for »=s being 
omitted in the summation term of the former. The sum of the 
two terms 

A cos (wt — A) + A’ cos (wt — ¢,) 


may, by altering the values of the arbitrary constants A and A, 
be given by the single term A cos(wz—A). Or, as shown in 
equation (25,), § 15, 


A cos (w,t — 2) = B, sin (w,t — ¢,) + A, cos (wt — ¢,). 
Hence we may write the complete solution of equation (14d), 


when there is synchronism 


. ap 
7, =k + 2° : 5 cos (nwt — €,) 


— T*/T, 
f. (2, + Suet) sin (wt — ¢,) + Acos(wt—A), . . (15d) 


or 


Y = +. P =H 


+ (2, +L Me) sin (w,t — ¢,) + A cos (w,t — ¢,), 


Faces (nwt — €,) 
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B, and A having somewhat different values in the two equations, 
and x =s being omitted in the summation term. 

Equation (16d) is the more instructive form. As noted in 
§ 15, it shows that, whatever the amplitue and epoch of the actual 
synchronizing vibration, the moment synchronism is established, 
the resolved part of it which lags one quarter period behind the 
rigid gear synchronizing term a, cos (w,¢ — ¢,) begins to increase 
in amplitude at a uniform rate; while the part which has the 
same epoch is unaffected. That is, the term a, cos (w,¢ — ¢,) com- 
municates energy only to that part of the actual synchronizing 
vibration which follows behind it by one quarter period, and 
communicates no energy to the portion agreeing with it in phase. 

The amplitude of the term (A, + a,w,¢/2) sin (wt — ¢,) at time 
t, is B, + a,w,4,/2. After one cycle it becomes 


a 1 
B,+ 4 (wt, + 27). 


Hence the mean force exerted in making this increase is that 
due to the mean value of the above amplitudes, or 


1% iol 
A B, wo 2 (o,f, 8 z) f ’ 
The total increase of amplitude during the cycle is a,z. And 
thus the energy communicated during the cycle beginning at ¢, is 


faz B, + ©* (cl + =z) \., sy 3 ee 


which is expression (25). 

As this expression is of fundamental importance it is well to 
get a perfectly clear view of the exact process by which the 
energy is transferred. As the gear if rigid would give the vi- 
bration of natural period a displacement of a, cos (w,¢ — ¢,), while 
it has actually a displacement of 
aot 


(2, — “s ) sin (w,Z —e,) + Acos (wt — &,), 


the elastic force exerted by the valve, due to this difference, is 
always 

















INERTIA STRESS OF ELASTIC GEARS. 97° 


t { a, cos (wt — &,) — (2, a Mel) sin (w,t — ¢,) 
— A cos(w,t — ¢,) \ * . (18d) 


The motion of the valve under this force in time df, is 
a ; —_ e he ee 
5A (2, + (wt — €,) + A cos (wt — ¢,) J dt. (19d) 


The energy transferred in time d¢ is the product of expres- 
sions (18d) and(19d). Integrating the expressions thus obtained 
between the limits of time for one cycle 


wd, — ¢, = 2uz and w,4, —¢,-+ 27> 2("+1)z 


we again obtain expression (17d). I do not set down the in- 
tegration as it presents no difficulty, but would occupy consid- 
erable space. 

If the limits of integration are different from the above the 
arbitrary constant A will not disappear; showing that while the 
total energy transferred between the beginning of one cycle and 
the next is not affected by the presence of the arbitrary vibration 
A cos (wt — ¢,), the exact manner of transfer of energy is affected 
by it. 

There is one other point which might cause difficulty. If a 
mass J/ was revolving at the end of a constantly increasing arm 
of length B, + a,,//2, its radial motion would constitute a por- 
tion of itsenergy. Butas the augmentation of amplitude is con- 
stant the quantity of this energy is also constant and hence does 
not need to be considered in the transfer of energy. In the 
actual reciprocating motion of the valve we have, at each point, 
the portion of this velocity due to the increase of arm resolved in 
the direction of motion of the valve; and as this is the same at 
the beginning and end of each cycle, wherever that cycle com- 
mences, it does not affect the transfer per cycle. 

Let us now take the case in Chapter VII/, where / and /’ are 
small and the mean amplitude a,’ is treated as if it were constant 
during the cycle. Since a is the angle by which the actual syn- 
chronizing vibration departs from normal epoch, the resolved 


63 
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portion which has normal epoch is a,’ cosa, Substituting this 
for the mean amplitude 


B+ (wt, + =) 


in expression (17d) gives the tranfer of energy per cycle 
FRO, 3 ee 


which is expression (88). 
Expression (20d) also follows from an integration like that in- 
dicated in connection with expression (17d), which in this case is 


fia cos (w,t — &,) — a,' sin(w,t — ¢, + a)} 


a! sin(wt—¢,+a)dt, . (21d) 
the limits being the beginning and end of a cycle starting at any 
time 2. 

In the actual problem / is not alway constant, but is a function 
of 6 and therefore of 7 In the Newark the variation of f, as 
shown in § 64, is nearly 34 per cent. above and below its mean 
value. 

To consider / as a harmonic function of 9 in treating equation 
(1d) leads toa great complication. Each period in the rigid gear 
movement now produces a whole series of vibrations at different 
periods in the actual motion of J, instead of only one. To de- 
termine the amplitudes and epochs of the actual motion the equa- 
tions of condition can readily be obtained; but, instead of the 
single equation (6,d), there is an infinite series in each of which 
all the required amplitudes and epochs appear. So far as I have 
been able to discover, the only method of solving equation (1d) 
with / variable is to solve these equations of condition. I think 
there can be no doubt that this can be effected by approximations 
in any particular case, but one is unwilling to undertake it with- 
out some definite and important object in view, as the calcula- 
tions would be very elaborate. 

I think it may be safely concluded that at particular speeds of 
engines with F=o0, there would, during each revolution, be a 
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transfer of energy from the gear to the mass J/, causing a con- 
tinually increasing vibration synchronizing with one of the rigid 
gear vibrations. This vibration would be accompanied in its in- 
crease by a series of others less intense, producing altogether a 
vibration of continuously varying amplitude and period, the lat- 
ter of which follows more or less closely the variations of the re- 
ciprocal of the square root of /—see equations (16) and(17). On 
account of the interaction of all of the periods, when F is finite 
the resulting largely magnified vibration—which corresponds to 
the synchronizing vibrations for /constant—could not be simply 
represented by a series of small circles and crosses as in Figs. 
20 and 29, spaced irregularly; or by replacing the normal vector 
Oa, Fig. 16, by one revolving with a variable velocity. Thus 
the determination of the rates of energy transfer would be most 
tedious. 

But as, in the simpler problems, departures from normal epoch 
by diminishing cos a involve a diminished rate of energy transfer 
from the gear, variations of / will almost certainly have the same 
effect. Even in the case of the Vewark, however, where / varies 
so much, this effect must be small—entirely negligible com- 
pared with the uncertainty regarding the value of # Thus, 
taking the mean value of dv, as in § 64, and treating / as constant 
must lead to almost the same results as the far more complex 
solution of the exact problem. 


(2) Friction Proportional to Velocity. 


Let V in pounds be the friction when the velocity is one foot 
per second. A positive velocity d7,/d¢ would then induce a 
retarding force 
pe, 

at 
and this must be added to the force due to the elasticity of the 
gear in equation (1d). Hence the equation of motion now is, 


2 : 
ua A + Vg ar +fg(r,—r)=0, ) 
at at (22d) 
d’r, ee bine. ae - 
saad at? be 2 a ws (1 — r) atta, J 
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7, 
where p= ve. 


That equations (104) and (105) give the solution of this equa- 
tion may readily be verified by trial. 





APPENDIX E. 
NATURAL PERIOD OF U.S. 5S. NEWARK’S L.P. VALVES. 


As the actual case of the Mewark's L.P. valve gear with two 
valves, each having its own elasticity, is much more complex than 
the simple case taken in the text, § 64, it is necessary to investi- 
gate the natural period more closely, to insure that no great 
error has been made by adopting the simpler procedure. It is 
also of importance to show how to treat the actual case, as the 
simplification adopted in the text would not always be admis- 
sible. 

M, and M, are the respective masses of the two valves V, and 
V,, Figs. 27 and 28, with their spindles and part of the valve 
gears, as estimated in § 64. 

f, and /, are the elastic resistances, in pounds, of the two valves. 
That is, a force {,0r pounds applied to valve V, along its axis, will 
displace it by a distance dr, valve V,, being left free and there 
being no friction. A similar meaning is to be given to /, 

As before, is the displacement which either valve would have 
at time / if the gear were rigid. For simplicity I have supposed 
vy the same for both valves—as it actually is in the Mewark— 
though forming the equation for different masses JZ, and JZ, 
There would be no difficulty in solving the equation with 7 sup- 
posed a different complex harmonic function for each valve, and 
the reader can readily make the required change. As we are 
only investigating the natural periods, and not requiring the 
complete solution of the differential equations of motion, there 
would be no advantage in the more complex procedure. 

Suppose a force applied to V, alone moves it by a distance 7,’ 
As the whole gear is strained the valve V, will also move. Let the 
consequent movement of V, be 7,7,’. 
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A force being applied to V, alone, 7,’ and 7,7,’ have similar 
meanings. 
We have then— 
Total displacement of valve V, at time =~,=r+7,'+727,’. \ (1e) 
. y oT ee age , 


— outta | / as / 
t=r,=r-+7 +nn’. 


' 


As the part of the displacement of V, due to force applied ¢o 
itis r,’, and as7,/ is the similar displacement of valve V,, the equa- 
tions of motion are, 


a*r oD 1 a’*r 
For valve V,; /, Te +figr,' =0, or — x a4 =r’. ne 
2 2 ° 2e 
For valve V,; /, he +fr.gr,' = 0, or — = and, wid ot 
r wit ate + ae 
Where n= M, and 7,2 = Mu, 


From equations (1e) and (2e) we then have, 

1a 7,4, ) 

, & wa 1 

a, op ite I 

a tee id "2h d ", | 
de at® 4° at® 


™1=?r 


Rewriting equations (3e), 


I d’r, he a’r, cae Act > 
SP ET ae TOO 


m1 ar, 1 a’r, 


y2 dP + 2 di? +%—r=mmo. . .. « (52) 


Differentiating these twice with respect to 4, we get, 


ch... meh. Ch. or 


een ee 


y at* "42 at ' dt dt? 
nar, , id'r, ar, ar _ 
1° dt* ' roy dt? | at dt? se oa A, (7e) 


Multiply equation (6e) by 7,’, 
4 i (7e) “ 77,7 and subtract, 
(4e) “ 7,7." and add. 
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The resulting equation is, 
a'r i at? , a’r 
(I— 72) i + (ni + 7°) ie = tte dt? 
+ p777(4,—r)=0. . (8e) 
We have thus eliminated 7,. 

As in Appendix D, to find the natural periods we may suppose 
the engine standing with y = 0, one or both of the valves forci- 
bly displaced in their line of motion, and released equation (8e) 
then reduces to 

dy es 
(1 — 772) dt + (y.? + 42”) We + 7y27,=0. . (ge) 
This equation will obviously be satisfied by a solution of the 


form 
r,=Acos(wi—A) .... . (10e) 


Substituting this in equation (ge) we find 
(1 — 772) oO —(Y? + 2’) OF + U4? =O... . (IT) 


Solving this for w,? we get 
2 (172) OP =" +742 + V (n+ —40'42 (I—nira)}. - (12e) 

There are thus two natural periods: we need not distinguish 
between the positive and negative values of w,, got by extracting 
the square root. From symmetry we see that by eliminating 7, 
instead of 7, we would have arrived at exactly the same equation 
(12e). Hence the pairs of natural periods of the two valves are 
the same, as we might expect. 

If, as proposed above, we forcibly displace one or both valves 
and release them, we would set up vibrations of both natural 
periods. Hence it would not be so easy in this, as in the simple 
case of one valve, to find the natural period experimentally. 
The relative displacements which must be given simultaneously 
to the two valves at release, in order to have only one or other 
of the natural periods present, can be quite easily calculated ; 
but it does not seem to be of sufficient practical importance to 
justify troubling the reader with it. 

Let us now calculate actual values by use of Zad/e V/I/. 
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This entirely confirms the calculation of natural period in § 64. 
Accompanying the natural period used in the text we havea 
second of very much shorter period. 

If the reader solves the equations of motion completely he 
will find that if there is synchronism with either of the natural 
periods, the same characteristics as distinguish equation (16d) 
present themselves. That is, the actual synchronizing vibration 
grows in amplitude uniformly with the time, and its normal vec- 
tor lags one quarter period behind that of the rigid gear vibra- 
tion. 

Possibly the short period vibration is of little practical im- 
portance in this case. But we must remember that if, when it is 
evanescent, its epoch is such that z is negative and, also, that 
energy is transmitted from the gear, the stress from it is bound to 
grow till one or both of these conditions change. It would be 
futile attempting to investigate the stress from the 27th period 
vibration, as we have done from the 6th. For it cannot be hoped 
that the calculations of /,, f,, 7, and 7, are so accurate that we are 
justified in saying more than that the high period vibration is 
in the neighborhood of the 27th. Also, very slight errors in the 
measurements of £° and F° will greatly affect the result by al- 
tering the curves of energy transfer and change of epoch from 
friction, and shifting the normal epoch. As the maximum ten- 
sion (or compression) on the valve spindle due to this vibration 
occurs about every 13° of crank angle we may be sure that if of 
sensible magnitude it goes to increase the maximum stress cal- 
culated in the text. We must also carefully bear in mind that 
the stress due to it would be at least equal to the total stress of 
all the non-synchronizing terms combined before it would pro- 
duce a triple reversal. As this is probably the point at which a 
vibration becomes evident we must not conclude that it is unim- 
portant because we cannot easily perceive it. 
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CONTRACT TRIAL OF THE UNITED STATES 
BATTLESHIP W/SCONSIN. 


By LiguTENAnT J. K. Rosison, U. S. Navy. 


The Wisconsin is a twin-screw, armored, seagoing battleship. 
She was constructed by the Union Iron Works of San Francisco, 
Cal., under a contract dated September 19, 1896, and at a cost, 
exclusive of armor and armament, of $2,674,950. Penalties were 
provided in the contract for any delay in completion beyond 
three years; for failure to maintain a speed of sixteen knots an 
hour during a continuous four-hour trial at sea, with an air 
pressure in the firerooms not exceeding I inch of water; also 
for excess in weight of machinery above 1,130 tons. 

The hull and machinery specifications and general plans were 
supplied by the Navy Department, but the details were developed 
by the contractors. It is noteworthy that the battleships of the 
Wisconsin class are practically identical with those of the 
Kearsarge class as regards hull and machinery ; the chief differ- 
ences between the two types of battleships lying in the battery 
and in the distribution of the armor. For convenience, general 
dimensions of the ship and of the machinery are given, together 
with plans showing the arrangement of the ship. 


GENERAL DIMENSIONS. 


Length between perpendiculars, feet and jnches..............csescsseeseeseeees 368- 0 
Projection forward of forward perpendicular, feet and inches...........+++ 5-10} 
SN es I I ois gisnsn 5 oncnvncesscacicassansenisthaaiaansston 373-10} 
i, I Pa le lic a veic cans ooseeseenccacsveencxsdavcgsseeenoderonsee 72- 2h 
SRT, FONE WINE ads <0 dc Sonestdndstocbuthsscteohouin siebicececessaune 72-0 
Diones eae FORE Wek MOONE ios a isco d ce iccesnige ssl sleidsdscbebitstilictvnsava 23- 6 
Displacement to L.W.L., 23 feet 6 inches, toms........ ccscsscceseseee ceeeeeee 11,565 
Tons per inch at L.W.L., 23 feet 6 inches, tons,...........cessscsseseceeeeeees 47-8 
Depth, base line to top of main deck beams at side, feet and inches...... 34- 7% 
Point of ram, below 23 feet 6 inches W.L., feet and inches................. 8-9 


64 
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HEIGHTS ABOVE LOAD-WATER Ling, 23 FEET 6 INCHEs. 


Fore and main masts, truck lights, feet and inches,..............ccesesesseeees 120- 3} 
floor, upper top, feet and inches................++ seeees 72- 2% 
lower top, feet and inches...............cseeeeee 56- 1% 
Search-light platform (aft), feet and inches,................ceeceeeeeseeeee senses 46- of 
Tie GE Cie ae, FOE OG CII oi oni. ck nstciices cecceccasésacwatebdawoscsseie 44- 14 
PPR BI, TONE ANE. MINOR os insinesccscnseccede cccesscvessdcctesencensenssess 37- 13 
Ie A TN NN acids oconsdn cn anions iconnnsaceceieconsaeneiseseess 34- 72 
Top of bridge deck at side, feet and inches................cssecseseceeseeseeees 25- 4% 
upper deck planking at stem, feet and inches............s0ceseceeeees 19- 9% 
main deck planking at stern, feet and inches,,............sscesecesees 13- 4% 
Bot ember: Geis, F008 Gnd TRGINON, .. ; .ccncccnsenssccccdecccescncesccscccata 3- 7% 
forward turret, feet and inches.......cccc.ccccocccccescccccesscccecoccoese 31- 4% 
EE I, Be I oes icrciasicnsisensocsnsensssscvenesstahaniess 23-103 
DockiNnG KEELS. 
ee RG FIN Oy Sa sii cicosnciadidlndinvoscdsacdsuthonr s4aveusaniavese 196- o 
Center line of ship to outside of keel, feet and inches..............sceesesees 20- 3 
Forward end, forward of center of forward turret, feet and inches......... II- 0 
Aft end, abaft center of after turret, feet and inches.,.............ccseeesesees 8-0 


BILGE KEELS. 
Vorward keel, length, Geet and tmehetic.wicccsccccccvacccssccssicssvvocebscesces 84-0 
ERIE: DORON: GRIIR ia saiiis osiasciccnsninnioacciaptinnssanenite 14 and 35 
tee TR, TR, SUE GI MI i sic denreiice se <ocngoraccncemachtaguacssstssevets 78- 6 
SI Ne Sarai denedashvscccescacosegucesvtxnecioavmnmentts 59 and 79 


BATTERY. 


N 


13-inch B.L.R. guns in forward turret. 

13-inch B.L.R. guns in after turret. 

Angle of train, 135°, both sides of fore-and-aft line. 
6-inch B.L.R. guns on main deck inside casemate. 
6-inch B.L.R. guns on main deck, forward (frame 14). 
Angle of train, 93° forward, 45° aft of beam. 

4 6-inch B.L.R. guns on upper deck, amidships. 

Angle of train of forward pair, g0° forward, 45° aft of beam. 
Angle of train of aft pair, 45° forward, 90° aft of beam. 
6-pounder semi-automatic guns, upper bridge, forward. 
6-pounder semi-automatic guns, upper bridge, aft. 
6-pounder semi-automatic guns, bridge deck, amidships. 
6-pounder R.F. guns, main ‘deck, forward. 

4 6-pounder R.F. guns, berth deck, aft. 

4 I-pounder automatic guns, military tops. 


N 


NN CO 


nN NAD 
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to 


1-pounder R.F. guns on berthing forward bridge deck. 

2 3-inch field guns on berthing forward bridge deck. 

4 Colt’s automatic guns on berthing aft bridge deck. 

4 above-water, broadside torpedo tubes. 

Angle of train: forward tubes, 30° forward, 26° aft of beam. 
after tubes, 30° forward, 30° aft of beam. 


AMMUNITION STOWAGE. 





| . 
Kind of ammunition. No. in box. | Allowance. Possible 
stowage. 
Bo MC rr, Gator tse s. sacesacsanesss = 96 96 
13-inch S. A. P. shell........... cbsdacedesah she 72 72 
13-inch common shell..............sss000e- coe 72 72 
13-inch powder tanks,,.............sse0000 ap 480 541 
SE: For. Be iinccicos sstdernddaceconnes ets 840 1,019 
6-inch common shel]*.,...........0000e00: ‘a 1,680 2,191 
OSC IIE cscrrecicsssarstuiwiessecseses can 280 371 
C-TRER GRID: occ scsececdiesssressveses I 2,800 2,946 
6-pounder cartridges,...........+.sscsseees II 730 1,093 
6 pounder saluting powder............... II 27 27 
CIE I aitethniiseccssniececccvesses 10 8 8 
I-pounder cartridges.............ssssseeees 60 50 50 
F-NEE Bibdka choot gk vcecssonecsveseseen 10 3 3 
3-inch field-gun cartridges............... 17 18 18 
CIE GI va cvcevecenctcecssccsoonss 1,000 40 40 
30-Galiber site Galli. ........0<ecesesecsoceses 1,000 128 128 
30-caliber rifle blank................sseseees 1,000 10 10 
30-caliber rifle dummy.................00+ 1,000 3 3 
BO-GRINE BI Hiv iencins coccckcsvcccccoccs 1,000 10 10 
38-caliber revolver ball.,,...........ceseee 3,000 12 12 
BU GRO  Wiithiniss 6 c0ie ss cccacccveien 10,000 10 10 
SANE ins cactesds ceonscccessccosens I 17 17 
FORE Wa ascetsindsecisesessseceneyes I | 8 8 


* 520 6-inch common shell are stowed in ready-service racks on main and upper decks. 





WATER-TIGHT COMPARTMENTS. 


Divisions. 
Location. 386 kde We LS ee Total. 
A B <. D 

Double bottom..............+++ 3 8 : 3 17 
BO vacnihnadbiseustwccusiesccens 23 24 10 fe | 79 
Platform deck.............ccceee 29 es | aa 28 } 57 
Splinter deck.............0.-.020. II eS 4 @- Peek 
Protective deck...........0...00 21 si rae 18 39 
ee aa 12 . ee, ie ee ee 
BE Gains ceiecnkcscveescets | ait 


eee e ee ee eee eeseseees 











CONTRACT TRIAL 





OF THE 








WATER-TIGHT DOORS. 


WISCONSIN. 





Total. 











Style Hold. (Platform. Splinter.| Berth. | Main. 
SD  isccndnaseanbierees 37 48 44 47 4 180 
Vertical sliding............. 12 20 ee 32 
: | ee 49 48 44 67 4 212 
COAL-BUNKER CAPACITIES. 
Hop. 
Starboard. Port. 
Cubic feet. Tons. | Cubic feet. Tons 
SION Bs Bosccsachearesbsesasacanacess 3,971 92.4 3,971 92.4 
ey a eran 35536 82.3 35536 82.3 
PI, Moises tidicktedccuccesnies 35731 86.8 35731 86.8 
BO Bvictiecctadlncnddacs dns santos 3,704 86.2 3,704 86.2 
ee ne 3,036 70.7 3,157 73-4 
PI I Ws icovcrebestadencsdéscapece 1,388 32:3 1,388 32.3 
SI DUNE Wecnsicectescndessecciacn<nts 1,105 25.7 1,105 25.7 
Pi sthatriachininepiiersive 20,471 476.4 20,592 479.1 
SPLINTER DECK. 
IN OI Sic lial ia-csscadesnwwnten 653 15.2 406 9.4 
RN IS a cdeucsnas 772 17.9 772 17.9 
8 SEE ree 689 16.0 562 13.1 
EE BOO Bisa itanisnss<ésctenscocseds 582 13.5 220 5.1 
CR ER SSE aor 2,696 62.6 1,960 45-5 
BERTH DECK. 

IE So Socctrd soneccsenscasuecs 941 21.9 94! 21.9 
I OS Bhs sides sccdsnadsarcasddnaces 1,024 23.8 1,024 23.8 
a eR Fa Ee 1,262 29.4 1,262 29.4 
gf RS ee 1,170 27.2 1,170 27.2 
BOE OE Gictisccsinsprasinecccenes 914 21.3 914 21.3 
WON aaitek vsccicnciatucccetses 5,311 123.6 5,311 123.6 

Cubic feet. Tons. 

PR PE insists nerandsccdtsisenscapiersnos 41,063 955-5 

Speemtter-Geck BARRCLS.....csecocescesecosscooesss 4,656 108.1 

SINE WN ccccascencidusscecdacscons 10,622 247.2 
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DOUBLE-BOTTOM COMPARTMENTS.——CAPACITIES. 


Compartment. Location. Gallons. Tons, S. W. | Tons, F. W. 
Frames 22 to 25. 1 3,683.9 52.3 50.8 
Frames 25 to 28. 14,147.7 54 52.5 
Frames 28 to 31. 14,529.6 55-5 53-9 
Frames 31 to 35. 24,666.1 94.2 91.6 
Frames 35 to 38. 18,655.8 71.6 69.6 
Frames 38 to 41. 18,849.6 72 70.0 
Frames 41 to 44. 18,867.6 72.1 70.1 
Frames 44 to 47. 18,939.4 72.3 70.3 
Frames 47 to 50. 18,216.0 69.6 67.7 
Frames 50 to 53. 18,158.4 69.4 67.4 
Frames 53 to 56. 18,140.5 69.3 67.4 
Frames 56 to 59. 15,824.7 60.4 58.8 
Frames 59 to 62. 16,327.3 62.4 60.6 
Frames 62 to 66. 23,675-7 90.4 87.9 
Frames 66 to 69. 14,804.4 56.5 54.9 
Frames 69 to 72. 13,553-8 51.8 50.3 
Frames 72 to 75. 12,817.7 48.9 47.6 


*R. F. T. 
CAPACITY OF TRIMMING TANKS. 
Gallons. Tons, S.W. Tons, F.W. 


Forward tank, No. 1, comp’t A— 1, hold... 3,600 13.75 13.36 
Forward tank, No. 2, comp’t A— 2, hold... 15,318 58.51 56.88 
Forward tank, No. 5, comp’t A—24, plat.... 3,901 14.90 14.49 
Forward tank, No. 6, comp’t A—25, plat.... 14,507 55.41 53-87 
After tank, No. 3, comp’t D—21, hold 21,541 82.28 80.00 
After tank, No. 4, comp’t D—22, hold 6,941 26.51 25.78 





65,808 251.36 244.38 


CAPACITY OF FRESH-WATER TANKS. 


Compartments A—7 and 8, forward hold, between bulkheads 17 and 22, starboard 
and port: 
One tank, gallons 
Twenty tanks, gallons 


Upper deck 

Main deck 

Berth deck 

NE MUM cscintd secs on toonens snapetans ss vadccoroeeeninndbarbeiesencieabdnnsSenmresseceress 
Platform deck 





13” B.L.R. 


Arrer 
13” TURRET. 


Passact. Acmimar'’s Cag. warp Room. 


Coa. 
TRIMMING a 
TANK. BREAD ano 
Ory Provisions PASSAGE. 


O o|o 





INBOA 





Forwaro 
13" TurnactT. 


Crew's Space. 


Crew's Space 


Evecrrica 
Srores. 


Crain 
13” Lockers. 


TUNNEL. 


INBOARD PROFILE, U. S. S. ‘“‘ WISCONSIN.” 





Crew's SPACE. 


Crew's Space 


Coa. 


PASSAGE [] 


INBOARD PROFILE, U. S. S. “WISCONSIN.” 





Forwaro 
13" TURRET. 


| 
Crew's Sick Bay. 


Meorcar 
Evecrricay ' Stones Cor ren Dam 
Crain BREAD ano 
Locxers. Dry Provisions. . Trimming Tarn 


Dry Constauction 
Provisions 
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SMALL BOATS. 


987 





Z 
9 


36-foot steam cutter, 
33-foot steam cutter 
33-foot sailing launch 
30-foot cutters, each 
30-foot barge 

30-foot whale boats, each 
30-foot gig whale boat 
20-foot dinghies, each 
18-foot balsas 

12-foot punts 


NNN K NS Oe ee 


COMPLEMENT. 
Admiral, 

Captain, 

Ward-room efleers (state rocins), 
Junior officers (berths), 

Warrant officers (berths), 
Seamen’s branch, 

Artificers’ branch, 

Engine-room force, 

Special branch, 

Messmen, . 

Additional for flagship, 

Marines, 


Recapitulation. 


Officers, 
Crew, 
Marines, 


Total, 


BOILER DATA. 


Dinanabir, enisidie, Feet a0 WOR ace.nsciesccccecevesoccessvesesescccsccssconsecs 


64 


| Water and 


provisions. 
Pounds. 
500 
420 
600 
400 
400 
280 
180 
120 


g-11t 
15- 8 
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Tckees OF SCT, TCMOF. 0.5.0 oveccccsivscscccccsccscnsccscscesnesanascesssensecs 17’; 
IN INL, CIN iss an ccmchuscnsgiscmoivanebnbarasdavebusseimenanns 17; 
INE, TEE istuniinecsnnssisapentatnesslemensnsvsnip tena q 
isd cacerisctssaacanndowaunudteecubatiooiameceas front, {, back } 
SN rites disiakentncasatansaiecotecuidamcmasesouaednaars ys 
Combustion chambers, number in each boiler...............scessesceeeeeseees 2 
thickness of plates, inch.......:...ccccessessesseessees Ys 
NE SNR INR siscisaichcdsicncanspiadeasecseciiee 274 
Furnaces, greatest internal diameter, feet and inches..............sc00see00 3- 5% 
least internal diameter, feet and inches,,................eececeeeees 3- 3 
ROE. GE ING, CGE GUN Tan onda inne cveccscuscencsccesvonecs 6- 1f 
number in each boiler (corrugated)...............sccececseseeeeeees 4 
ea re eg Mi icictcecicnniiacctansiscesvevinssceiadangdesesssioos 24 
length between tube sheets, feet and inches..................0eeeseeee 6- 67; 
NE i, GUE REN IN iain fos ccciicccccacscteisscerdonehecetne 388 
SE GE GI BN Pings dcasicicnsseccinviinincéssddncebancasbies 154 
Ry es Prairie sce svneneveckesscsasscsiocccvebncuesvuecoe 34 
NN MINOR s csccasnsccadsastescedexastscchbetacedsivia’e 33 
thickness of ordinary, B.W.G., No. 9, inch.............sceseseeeceees .148 
Be We tig WOR, Mi sscccscccescesabedstsdenanstescce 203 
Diameter of rivets in shell sheets, inches.............ccccocscccccesesccesccees yy 
Se Sia icccsstdsnsdansbaccenmnvecissnsdccsaanteccstsods 1} 
Number and diameter of through upper braces, inches.............0..0+0+ 10 of 2} 
lower braces, inches.............00-0+++ 2 of 13 
braces from head to back tube 
SN Ris cisractacncvatecancssies 15 of 1} 
Heating surface, tube, square feet, each boiler...............csscsccesesseseees 2,307.65 
plate, square feet, each boiler,..........ccccceccccssecesevecs 343 
total, square feet, each boiler,........cccccccccceseccvescstoc 2,650.65 
Grate surface, equare feet, Onc DoMMer........c.ccsccccsscccccsccesocsescocsoees 80 
I i I ia cis Dectin nis ctcseridinsnetcaionerdicseicsenonnes 12.813 
Funnel, 9 feet 6 inches by 6 feet 6 inches, ellipse area, square feet, each, 48.5 
Height of funnel above lower grates, feet.............sccsscecsccsseceeesscceees 86.5 


ALL BOILERS. 


BOR CUTIE, TG IS TONE ia skceccinccsiccecescsntcesensseccencecosnaas 18,461.2 
plate, square feet.. ........... Beane ee SSE PUR 2,744 
I NN ia incinn5dccseundacesecinabesccennninchbvosentees 21,205.2 
I MII a ccd cc naddenaceesencedssen chovoauaeeomberinniehs 640 
Se I PIT IIE Blais cnsescccacsesticnapevandosansacdsasatcavenae 102.504 
Ratios: 
SOI ea akc Lin is cadeinhasdindimestbepmaiebaedbie iencdauapenien 28.84 
na acing naianiieea uaniababaaaniienaaeute 4.29 
NE IE I is hss an oacionsasauvosnen telotestavsnactderbiancouiesnkoke 33-13 


BR i Misitesiic: cnccannectnneiciersoveteniabenteasideacniones -16 
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MAIN ENGINE DATA. 


SE OE CIR icine sis posts ncvescecnsinceninesicnciela tates z 
Colietaen, Mane Fer Gi CRI: i. cesece cicesicacciesicintcivisecitasiadaeteen te 3 
| RT or ont ea ae ee ae 334 
Picks cksdagdcacncd ppeteeah bessenndienthisiveidn 5t 
ip SN covexaccuncabenbecnacet te ieeesaa a aeeewiuse 78 
Se AE SIs SR iisesiigictiinestcansintiuccicibedRanetiieiasctesonusteced 48 
Valves, diameter of H.P. (one for each cylinder), inches.................+. top, 16} 
I.P. (two for each cylinder), inches.................068 top, 213 
L.P. (four for each cylinder), inches..............000 top, 18 
Ba ag MN itissvnccvecvatasinancematbl dctideateceens bottom, 15 
kwh | SER eee Senn Vien Re bottom, 20} 
Ra, MD iridnd ve oiocniecesidaetaudenteaobdeaumeeien bottom, 203 
Valen stmt, 50.2.5), Qe, TOO a ses ceticcrcinsncitiaeivicriettsivbeusbs 23 
through valve, inches...........c0cscscccccccee 2 
LB. €R), GUE, PAO ins cics cna varpenyrtheaviansingiivenbsbliceudes 2} 
through valve, inches...............eseccccccese 2 
LP. (4), GIRMRRO, ROI 56 oie cn cciincs cease veindiuns ssenesesd viene 2} 
through valve, inches .............sesescssseees 2 
Wain SRR ie, ANN, TN i died ti ciks bi ocdnhaptebitcn tists coriencis 12 
Exhaust pipe to I.P. cylinder, (1) end, diameter, inches................s0c0000 154 
L.P. cylinder, 15 inches I.P. end, (8) 11 inches............ —_ 
A Rises in iccsesincccnncesncessctbanatduasecbnaiben —_— 
condenser (2), diameter, inches. .........csccccccssescccscccese 204 
Volume swept by H.P. piston (mean), per stroke, cubic feet.................. 23.84 
I.P. piston (mean), per stroke, cubic feet............0....... 56.09 
L.P. piston (mean), per stroke, cubic feet................... 132.04 
Dae eae OE: BP. GG Si ai oscnincscncasecsenstavepsetentansbibhibhsbedeserss 2.34 
Bice eGo I necivarecutocensencqestecpoceknenvirdesbaevhegseceeintess 2.36 
ee RF Be iB pccenrarcisasuaatieceokdecetndaiobsasnaiedasmbates 5-53 
Clearance of H.P. cylinders, per cent................seceeees top, 18.9; bottom, 22.8 
ee ee top, 18.9; bottom, 24.7 
LP, CoG, POF COMM... ccccccesscosoncesessees top, 17.5; bottom, 22.9 
Passete GORE, GERRI, GREIIR iscsi cceccscccecccsccvnseccsess outside, 7§; inside, 13 
Connecting rods, length from center to center, feet...........ccceceseeseeeceeees 8 
diameter of upper end, inches,............... jescubciontoedebers 73 
POPE CN, Roc cssissnsinyctnbnntenseccmenenios 83 
I, MI ihscirciephodetntcctisasunttuneoaspctn 43 
crosshead bolts (2), diameter, inches,...............sscseeeees 4t 
crank-pin bolts (2), diameter, inches..,............seeseseseees 4t 
Crossheads, surface (ahead), square inches,,..........ccceseseessesereeees cccceccce §=— 459 
CCRT, SONIIIG BRE coins ceccccersveccecivenisonaunens oo 2a 
a, GEN, TIN oi vciss-acinsncisesssvaccasctectabvacndaabeinbhoasss 94 
PORE, | MR ssiichichntntnaneecdpiptesdtssataheectnepatadenpabaey 9 
Reversing gear, steam cylinder, diameter, inches..,...........cssssessseeeesees eee 14 
controlling cylinder, diameter, inches................scseeseeeee 74 


i 
. 
f 

: 
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et Mea I, ID io dsc sccsctscdsccasvensdnedhioesdsbonssbensoones 14} 
Pe IONE wccd Acti ccaviseinssbincne donde psibnnserscsaetsioiaiacs 74 
coupling discs, diameter, inches.............c0.seeseseeesseeeseeees 29 
I IG iio ai ioisceckicissccnidesuabere 34 
bolts in one flange (6), diameter, inches,............. 34 
Ses, SN, SL. 5... osu nsuhideatiniceuadanecteewexaeks 143 
a Oe ER See ee 164 
length of each section, feet and inches,.............sseceseeeseeees 8-10 
SER I Mai tosh vescisdstevcecaciacsdsbacedbtbcssitectesvenaiisecada 14} 
POs cccas asc dccubienhacuchoeeeeelerelaaeestinesatdecs 17 
I i eR a 74 
eR a I Na 5, ca crostsatacincdneannsiabacundacoancecion 16} 
I NNN tn scniluc de ca vscendsPoactmistckdieeadvaaibacves 10 
IE GNI, IG IR ii coined cnctnasacneiténngtiteescveddecinbdeciiebeceans 14 
ie MEE Gh, NIN oo oss csensacenecacneseunnecton 29 
SR Ma sainds 0cnk dcannicolinclacdeotuncaceusspiorteuedseactins 9 
SINE, INI, GUI DINING co iacdctodsnercescosisccnesssncacsossose II 
I sien scanietnnstinc -tahideseanetpenitawarknaanbens 21} 
SID ME ile ssins cnvlncciuscnacadnccauviciihadecesenese 2 
Se I, I in casisdcetinssbisrddcctesoetsocnins 4 
surface, total for both engines, square inches,...............s00+ 4,600.64 
Re I I isis sthconntonnsb ie csancdsvvsianncesndiacecons cosabiase 14 
Pe I acoisiccndscestocnsedacciesss susiidanthiee ekieweskeniia 9 
diameter of coupling discs, inches.................csceceececeeeeeeees 29 
Be I I Ia incinccia ch ichionaeavermmeleiadediuadencvoaas 36- 3 
OEE SR, Ge Pin ses ceticssticcesncceiccedasettccsscnabossizseussn 144 
SR I II a 2h 5 oo amaandsadissbinhahioedbbaendinbid Sealine 9} 
NG MOURA TIN in siitoacusiesisabiassacsictiocssintasnier 53-103 


PROPELLER DATA. 


Type: Three-bladed, expanding pitch, adjustable from 16 feet 6 inches to 18 feet 6 
inches. Top of blade thrown back 6 inches. 
Material: Manganese-bronze. 


eka Soca niisiuacuecensvensaiassarsadcensmusebins 3 
SONNY, COON IE Bio icc cciicvcnveisictacatesocscesen wivivatdedubeotaecaets 15- 6 
a I is odio sensackcqasessscacokauniginedesesshe 4-2 
Pe Cir TN NT I soins disidcsecnne tncceckcsencccsndenmranceonss 3-4 
Pitch as set, entering edge, feet and inches...................sceceeeeeeeeees 16-6 
leaving edge, feet and inches............s.cccccccocssscsesscees 18- 6 
SS FI Ne MI icicrnsdsecainditedecndsinescescassebiieaes 17- 6 
Greatest width of blade, feet and inches..............c0.ssscceceeeceeeseeees 4-9 
Helicoidal area of each screw, square feet.................ceececeeceesseeeees 68 
RP Os MINI I Rica beseech es ci ceisscnesesciscsorateoubscdsubtateccedie 188.7 
On i acacia isc dicalebeicdsvebnabeonstacsdocweodinncssteoeee 113 
Center of hub above keel, feet and inches.................ccsccceeesceceeceee 8-103 


Top of propeller, immersed, feet and inches................seseeeeeeseeseees 6-11 
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Tie TCE Wi i igs csc kcnetcasinnceccincsidsvichinagtaiiviaineeees 1° 15’ 36.69/7 
CE EE ii ittssiccinsitinseiss eimimeeiamnanemiite s° a7’ 3.357" 
Center of hub forward of aft perpendicular, feet and inches............. I5- I 
from middle line, feet and inches...............ssesceseseees 13- 13 
Immersed midship section at mean draught of 23 feet 6 inches, square 
SOE aiicaluinartehekeridirhensstnet ons sdincdeineiniebaesaselgatininpelarsees 1,625 
Ratio developed blade area to immersed midship section................ I to 11.21 


While the machinery of the Wisconsin is identical, as already 
stated, with that of other vessels of the same class, there are 
some peculiarities in design that are noteworthy : 

(1) The H.P. valves of the main engines are double ported on 
the steam side, to reduce wire drawing. 

(2) The main-engine bed plates are of cast bronze. 

(3) The back frames of the main engines are built up Y frames 
of forged steel, the crosshead guide of cast iron being secured 
between two steel forgings by bolts. The use of this rigid fram- 
ing involves a very slight increase in weight (stated to be but 
500 pounds per cylinder). 

(4) All pipe flanges are faced in a special flange facing ma- 
chine after they are attached to the pipe. The joints in all 
steam piping are metallic. 

(5) The valves of the main engines are balanced by varying 
the diameters of the upper and lower ends of the valves. 


THE TRIAL. 


The official full-speed trial of the Wisconsin took place on 
Thursday, October 11, 1900, over the regular Santa Barbara 
Channel course, a fraction over 32 knots in length. The trial 
consisted of two runs in opposite directions over this course. 
On the first run, with a head swell and with a moderate breeze 
from within one point of astern, the speed was 17.42 knots. On 
the return run, with a head wind and with the swell from astern, 
the speed fell to 16.928 knots, the revolutions of the engines 
being almost the same for the two runs. During the time be- 
tween the two runs there was no change in the relative speed of 
the two main engines, but both were slowed down about four 
turns per minute without change in adjustment of throttle or 
valve gear. 
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No live steam was admitted to the receivers during the trial. 
During the first hour of the trial, the throttle valve was opened 
from .7 to .8. No other change was made in throttle or valve 
gear during the trial. 

The forced-draft system worked with great regularity. An 
effort was made to keep the air pressure in the fire rooms at 
about { inch of water. Whenever this figure was exceeded the 
blowers were slowed down. The average air pressure during 
the trial was 0.924 inch, less than the one inch pressure allowed. 
In spite of this fact and in spite also of the fact that one 
evaporator was run during the trial and furnished all necessary 
make-up feed water, the safety valves of the boilers lifted 
frequently. This desirable result was achieved by: (1) Carrying 
the fires comparatively thin on the grates; (2) The excellent 
quality of fuel used, and (3) The efficient use of the feed-water 
heaters in which was condensed all the exhaust steam from the 
auxiliaries other than the main air pumps and by which the 
temperature of the feed water was raised over 60 degrees 
Fahrenheit. 

Throughout the trial all the machinery worked with the 
greatest regularity and smoothness. There was no excessive 
vibration and there were no hot bearings. As a precautionary 
measure, a spray of water was used from time to time on some 
ofthe journals. The usual careful inspection of all the machinery 
after the trial showed it to be in excellent condition. 

Before the trial the Wisconsin had made a trip to Puget Sound 
and return from San Francisco. No defects developed. During 
the trial no defects developed. After the trial, on the return 
from Santa Barbara to San Francisco, the average speed under 
natural draft was 15.292 knots. Again no defects developed. 

That the Wisconsin is an “easy steamer” is shown by this 
natural-draft run, and this is emphasized by the fact that during 
the trial, with the safety valves lifting frequently and the ma- 
chinery working at 26 per cent. above its designed capacity, no 
firing tools were used except shovels. 

The coal was carefully measured and the coal account is 
believed to be accurate. For conditions such as obtain on a 
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forced-draft trial the result of 1.8882 pounds of coal per I.H.P. 
per hour is gratifying to designers and builders. 
The following tables give the results of this exceptionally 


successful trial. 
CONTRACT-TRIAL DATA. 


Dihapenneenent CHsCam Om BIRT), COME. oc eccccescncascccsiccocccossacvcsescececcoes 11,500 
Area immersed midship section, square feet.,..............cccscesceseeecseeee 1,619.6 
es RS I IY UII, ccccndedavedeenawns keeeed onshore eneesede cue 17.174 
eee ag UE UNNI IN sinc ccnmsdcascunsinnbessiencecsses euduvmeatanesinan 12,321.695 
air, circulating and feed pumps.........0...eecese008 12,452.36 
IIe NE eich serabionintedencacccisuckscxesavedosseciicestnsies 12,608.992 
NF I EN asic sroceidcnaptirnisndecsucendsvoncenbigoenpusaieees 19.7016 
Mc chinieianhctsbtabebabbokesseaneacescenaenaenedauuedie 0.59462 
Biemting aastnes per TEL.P., SMNt0 106... .ccccccccccccoscccccescsososceosesees 1.68175 
Cooling surface per I.H.P., square feet.............sccceccsscsscsssccccesseeere 1.2374 
Ck ee Re OE TE PO orresscscecnceccsescoccccosssncscsevsicesbioece 1.8882 
CY BRUT GE, DOI icctdase cs cocousccccecessscnasine 37.2 
icc pnconssisentestnunediiinress 1.123 


SYNOPSIS OF STEAM LOG. 


Starboard. Port. 
Me IIE, ON GI ica cc accsecnieccntsncensthennscavaceceteesctes 16.63 16.73 
Revolutions of main engines per minute,,...............0eceeeceees 119.15 119.28 
Pi iarscvicathctiorstonsounimmibcxnies 119.22 
BO GUO Tiet BOE CIE oo sacn cc ccciccccsccsecvoscececsceoteosses 953-2 954.24 
Steam pressure, gage, at boilers.............ccccccccccsscssccoccceccere 187.15 
OE cditidiasaeiteneatsndsamianessneanttes 183.6 182.83 
absolute, in first receiver...........ccscsccccssesceee 84.67 80.44 
inc dec cccccactscvnvevess 32.57 26,53 
OI SR NOI, SIINNB aoc csccniccseseeniccccovcseccsnccsotesocs 26.73 26.08 
Throttle-valve opening in tenths.,...............csccssecseceecesseness 7.8 7.94 
Steam cut-off in fraction of stroke from beginning : 
SED sauthehodaenbhos-teientadispenensbaratssseiugnrtatosrecsonsstmekiontts 71 71 
Tal dcinentiininbldelerhaDcntnmasdastnitgarseconattenpetetestoleipaaksecagecs 70 71 
Rell einhieckviedaiaseniibiniasncdescndiiensiasacsuuubdeeebwoncennedeiyunin 71 70 
Temperatures : 
SE WII ss ccrndactodapecisundéatinsuneriineniietiatierimaséaeess 94.87 101.88 
EES a ee Cae a ceca oe ee, RR, aN 94.79 
III iicciicecpiindinssscandescobdaddeniaiesehsuisasinamenmiibecsecsers 667 797-5 
Iiidicnsie Narursineigtoanadintaimsaeinbicaeipeumndabnedtoniacsos 58.88 64.44 
INIID siiicsicoslaiannntsiebngedeapmipnie picoktemadddeads assess 112.06 122 
MI airtncatccdcnncisdencdccssdddbshroiadicncandasaiis 100.13 100 
Ind si lntdicdihio xa indcisioubanienindparudivanenapineutskenicbernes 166.33 159.66 


Air pressure in fire rooms, inches of water...............csesesese 0.924 
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Mean effective pressure : 
PE iskinoiivithicdatbiabacnnnichidinibankéstntenewbieetiedebreinieiinin 74.062 77.8 
BP ccicshanontsabeptbinedaponscdotbavcsiatcnksineinpsspaceseaeaantiaeien 37-33 36.555 
scl Onninensvedebruneitasdedinnintinintindin papinibien $ukinijeaeptonaunnateaiaeiie 15.31 15.53 
Aggregate equivalent pressure referred to L.P..............eeeeee+ 44-495 45.11 
Revolutions or double strokes per minute : 
Ne BE BI rian cticiciecssntscsnccocscsnineavie tine einemarshn 37-98 20.29 
SI GE I ances suseenitoesschccncensccnaenspnbeoncees 175.14 163.59 
PUD WN isc iesadscncinscetskssotecctsecnarnetheveusenrote 49.07 40.1 
Auxiliary air and circulating pump ............cscscssseeceeererees 55 48 
BD ING inc sccstdsevoscvessecstnscbencierenssa cespnbesesuuoes cence 49 49 
Ts ee osc cen ccsctridecenan: cnncdvcicatacorectcbanesvasbuauneys 43 
Samitaky PUMPS...cccrccccccccocsccscescccccessocesccossccscsscecvecsces 4° 
Hydraulic pump.........ccscccccccocsesscsccccscovccccescescoccssesoees 15 
i iris cpewct cass sastdcecsiarecipns cndiscecerssosinsasbcupnannte 112.5 
Evaporator feed pUmp.....:.ccccsoccccocsscssovesveveccocccossesesess 15 
Avesage’'S F. D. Wowers..........0..cs00sccscecccoscsovesssooscseseese 450 
Aeveramge 3 TE. Th, CHOW CRE. ..ooiiccsccccpscscscscsccccsecascesseoseses 450 
Avermupe 6 B.D. ewer ...c. ccs scccccccccescsvesoscsccosessncossens 316.5 
Dynamos, mean total load, 80 volts, ampéres.............seeeeee+s 356.8 
Indicated Horse Power Starboard. Port. 
DER GINS, TE Fira occ ccececccs consvccnscsisndesninianseeaseienges 1,837-745 1,931.65 
Tail dcicowsckctebsdtsdcnracncsiapiebatimaeicaeialaia 2,177.5 2,135.6 
RAW ctcchepnscenscdenked secetentenendvecdbadeeseseccsents 2,103.3 2,135-9 
Ti iis ibis dacvepenabinshentntesivntneatinsrignetabatastalaienaieian 6,118.545 6,203.15 
GEE Iii occ ceca sindes soevetnsitsssencndatsnscovectedibonperseestiven 9.277 5.256 
Circtlatine Denn... ioccccccccccccccsscncsccszebscccoccsecocesscoess 13-753 12.169 
PE I iirhncezis ciisicicacvesvtseneninerececencanhievatananlpien 47-34 42.87 
NE I ai cecccaviesctnacccccesesctenicccsesctceccsassecesteepecsen 6.094 
BUROPICT, COI sien eco nsncseccsecsccescccsscensoscosegeseese 10 
Evaporator feed pump, estimated............csseeceessseeereneeeees 0.4 
Higdeanlic Paap, GHMAtEd ... ....:20..0.ccctecceseccesssccsveveescoess 6 
Tee SEND, COIIOE vir cicindinsceccrcecccncvcayesneses inccscneneeses 10 
Water-service pump........ccccccccccsecccscccccrccscesccoscesoseseses 7:95 
Sanitary PUmMp.......cccccccccccsecccccccccccccccccccscosocccscososccecs 7.95 
Be Be I os nibs iicceus vncdivendiccsvierssntscosnvabeetbineselatiaelel 12.42 
Tae ie NOR vdicnkssnkntddndetidutrdcvnscxéeusshnccpestesvisencaeadn 6.50 
Bs Cai actcittetntcstn ciicenntticdanonniiccindsewecsminintvasnes 42.848 
Dy TAMOO sas cccnsctecesncscosersstcorcececceosccsssescecensececcocssceeses 42.116 
All machinery in operation during trial................sscseeeeeee 12,608.992 
Coal: 
BERG SECNR inso ices ciccctcecscdcnsstvctcccneckascdbehevbsvoncsbeesues Harris Cardiff. 
Pounds per be .c.ciccsscoccccsescvscsssocccsccassssecvenesesecosoveese 23,808 
Pounds per hour per I.H.P.: 
All machinery in operation during trial..............000++e+ 1.8882 
Main engines, air, circulating and feed pumps............ 1.912 
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GLASS REVEALER FOR STUDYING CONDENSATION 
IN STEAM-ENGINE CYLINDERS AND RENDERING 
THE EFFECTS VISIBLE.* 


Some years ago the writer introduced a small glass instrument, 
named by Hirn a “ revealer,” for studying the condensation of 
steam in an engine cylinder. Since then some improvements 
have been made and the following results obtained: A revealer 
was placed on the top of both the high and low-pressure cylin- 
ders of a compound steam-jacketed, vertical, condensing beam 
engine, working in a factory at a speed of about 35 revolutions 
per minute. The diameter of the low-pressure cylinder is 26 
inches, with 3-foot stroke, and that of the high-pressure cylinder, 
77 inches, with 14-inch stroke. 


“ 


GENERAL DESCRIPTION. 


Each revealer has two cylindrical glasses—Fig. 2—fixed con- 
centrically one inside the other, thus forming a hot-air jacket 
for the inner glass, with an annular space of 10 mm. (0.40 
inch) between them. The inner glass cylinder is smaller in 
diameter than formerly, the connecting pipe to the motor cylinder 
is straight and the cock and pipe much larger, so that the con- 
nection is more direct. Inside the inner glass is a small cast- 
iron cylinder. All the external and glass surfaces are well cov- 
ered with removable, thick, non-conducting material to diminish 
radiation. The object of the instrument is to reproduce as nearly 
as possible, and render visible, what takes place inside the steam 
cylinder, and is necessarily concealed. No vessel, such as a re- 
vealer, exterior to the cylinder, can be under exactly the same 
conditions as the internal parts, because the cylindrical portion 
of the latter is cleaned by the piston at every half revolution, 





* Abstract of paper by Bryan Donkin before the Institution of Mechanical Engi- 
neers, London. From “ The Iron Age.” 
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IMPROVED GLASS REVEALER 
With two Cylindrical Class Cylinders 


IMPROVED GLASS REVEALER 
and Internal Steam} or Water Jacketed Cylinda 
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and the clearance surfaces are greasy. Nevertheless the effects 
of condensation, as shown by the revealer, may be within 85 to 
95 per cent. of the truth, and all results can be accurately seen, 
magnified and studied. In all steam cylinders condensation 
takes place in the internal walls when working with saturated 
steam. In this revealer, under the above conditions, very fine 
globules of water, the results of condensation, will be seen close 
together, the appearance of which the author will first endeavor 
to describe for the low-pressure cylinder. 


REVEALER ON THE LOW-PRESSURE CYLINDER. 


The modifications of the improved revealer have caused a great 
reduction in the size of the minute globules on the glass walls 
as compared with those shown in former experiments. After 
the revealer has become comparatively warm, and when the steam 
is first admitted into it from the low-pressure cylinder, the glob- 
ules, from 1 to 2 mm. (0.04 to 0.08 inch) in size, are much larger 
than those seen after working about 10 to 15 minutes, when all 
the parts have had time to acquire a normal temperature. Com- 
mencing with the steam stroke, the first result observed when 
the steam is admitted to the revealer is a light and not very 
dense cloud or white fog coming up from the engine cylinder. 
This is precipitated upon the hot internal glass and cast-iron 
walls, and is seen as very fine globules or particles of moisture 
or condensation. This cloud is sufficient to obscure a light 
placed on the opposite side of the revealer. Re-evaporation then 
rapidly follows before the end of the steam stroke. On the 
opening of the exhaust valve the cloud passes quickly off into 
the cylinder and the glasses become quite transparent. A good 
illumination renders the incoming and outgoing clouds of mist 
quite visible. 

Each time the steam enters,a large number of very small glob- 
ules, at about equal distances from each other, are immediately 
seen upon the glass walls. These are from , to s mm. (0.002 
to 0.0016 inch) in diameter, or less, and are distributed in a fairly 
uniform manner over the surfaces. The time occupied by the 
deposition of the globules and their re-evaporation is, perhaps, 
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one-tenth second. Before the end of the steam stroke, the dur- 
ation of which is about one-half second, and before the exhaust 
valve opens, the smaller globules, 4; mm. in diameter, are all 
evaporated. During the exhaust stroke the larger globules are 
also re-evaporated, but not so quickly. The internal surfaces 
are sometimes quite dry and at other times a few drops of moist- 
ure remain on them. 

To facilitate the study of these minute condensed globules or 
wet particles on the inside of the inner glass a microscope is 
used, and the glass and iron walls well illuminated. It is inter- 
esting to watch not only the formation of the globules, but also 
their rapid disappearance by evaporation. Any change in the 
working conditions of the engines, by altering the expansion or 
speed, is at once detected. The globules change in diameter, 
becoming larger or smaller than before, probably as the difference 
of temperature between the walls and the steam is increased or 
diminished. Very soon, however, the glass walls take up a cer- 
tain temperature and constant conditions again prevail, differing 
only in size of the globules from those previously seen. By arti- 
ficially cooling the outside of the short iron connecting pipe be- 
tween the glass revealer and the cylinder with cold water and a 
sponge the fog or cloud on admission of the steam stroke is much 
increased, as is also the diameter of the globules on the internal 
glass walls. The steam seems to be chilled. 

Two other revealers, with single glasses and longer and uncov- 
ered connecting pipes, fixed on the same end of the same low- 
pressure cylinder, gave during the same stroke greater condensa- 
tion and larger globules, with thicker fog inside. This was the 
result which might be expected. 


CONDENSATION ON THE CAST IRON FROM THE LOW-PRESSURE CYLINDER, 


Inside the inner glass cylinder or revealer a small cast-iron 
cylinder was placed, to observe the condensation produced on 
this metal and to measure the size of the globules. Vertical 
and horizontal cross lines 1 mm. apart were marked on this 
cylinder, forming small areas of 1 sq. mm., Fig. 2. These 
squares, being visible under the microscope, afford a useful 
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means of estimating the size of the minute globules. The con- 
densation observed was practically the same on the cast-iron as 
on the inner glass cylinder, both being probably at the same 
temperature and touched by the same steam. 

The various phenomena may be summarized as follows, after 
the normal conditions are established, for the low pressure 
cylinder : 


OnE REVOLUTION. 


duration 
about } second. 


2. Deposition of moisture and water on glass and metal surfaces,, 
3. Rapid re-evaporation during expansion 


1 Fog rising from cylinder into revealer Steam stroke, 


4. Exhaust opens. Fog sinking back to cylinder Exhaust stroke. 
5. Glasses quite clear. Surface nearly dry duration 
4 second. 
Internal diameter of glasses, 67 and 44 mm. (2.64 and 1.73 inches). External 
diameter of cast-iron cylinder, 35 mm. (1.38 inches). Height of glasses and 
cylinder, 57 mm. (2.24 inches). 


The pressure in the low-pressure cylinder varies a little at 
different times of the day; the maximum initial is generally 
about at atmospheric pressure. At times in the revealer no con- 
densation is visible and no re-evaporation, only very slight fog 
in and out, 


REVEALER ON THE HIGH-PRESSURE CYLINDER. 


A second revealer, with double glasses and a small cast-iron 
cylinder in the center, was placed on the top of the high-pressure 
cylinder and well protected from heat losses. All the general 
series of effects were the same as those on the low-pressure cyl- 
inder during one revolution. The only marked difference be- 
tween the two cylinders was in the size of the condensed globules 
on the glass and cast-iron surfaces. These were about } to} 
mm. (0.01 to 0.008 inch), some few being 4 mm. (0.02 inch) in 
diameter. This means more condensation in this cylinder than 
in the low-pressure, which agrees with calculation and experi- 
ment. This cylinder is jacketed with live steam at a pressure of 
50 pounds, or about four atmospheres. With the low-pressure 
cylinder the pressure is the same in the jackets—namely, four 


atmospheres—and as the mean working pressure is much lower 
65 
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than in the high-pressure cylinder, there is a much greater dif- 
ference of pressure and temperature between cylinder and jacket 
to keep the low-pressure cylinder walls hot. The jacket is more 
efficient on the low-pressure cylinder and less condensation is to 
be expected. This agrees with experimental results. In this 
plan the two revealers can be seen and compared, both working 
at the same time on the top of each cylinder. 

To make sure that the varying pressures of steam in the re- 
vealers were really the same as in the engine cylinder two indi- 
cators were fixed, one on the top of the revealer and the other 
on the top of the cylinder, and diagrams taken during the same 
stroke. The diagrams were exactly the same from the revealer 
as from the cylinder. 

The range of temperature in the high-pressure cylinder is gen- 
erally about 101 degrees Fahrenheit and that in the low-pressure 
cylinder some 85 degrees Fahrenheit, but the pressures and tem- 
peratures vary somewhat with the work. This double-glass 
revealer forms a kind of transparent prolongation of the steam- 
engine cylinder. 

One result of these observations is to prove that there cannot 
be any thin film of condensation water on the internal surface of 
steam-engine cylinders, whether the cylinder is relatively hot or 
cold, as there has so often been supposed tobe. The difference 
of temperature between the walls and the working steam seems 
to affect only the size of the globules of water. 

It is very difficult for the eye to follow the rapid and violent 
movements of fog and small globules of water in all directions on 
the internal surfaces, and also their very quick and violent disap- 
pearance by re-evaporation at exhaust. 

It is now generally admitted that condensation of steam in en- 
gine cylinders is caused chiefly by the difference of temperature 
between the internal surfaces and the steam in contact with them, 
which it should be the object of engineers to minimize. Con- 
densation is reduced in quick-revolution engines and where dry 
or superheated steam is used. It assumes various forms, water 
particles, fog or globules of different diameters. These seem al- 
ways to be in rapid motion and not stagnant. On admission the 
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internal metal walls are heated by the steam. Other heat changes 
occur in each revolution, tending to equalize the temperature be- 
tween the solid iron, the liquid water and the gaseous steam. 


STEAM REVEALER WITH TWO CYLINDRICAL GLASSES, AND INTERNAL 
STEAM OR WATER-JACKETED CAST-IRON CYLINDER IN CENTER. 


The following further experiments have been made: A small 
cast-iron cylinder, Figs. 3 and 4, is fixed in the center of the re- 
vealer, and so arranged that boiler steam can be introduced inside 
it to raise its temperature, provision being made to drain the water 
away. Cold water can also be passed through it continuously to 
reduce its temperature. The mean temperature of this inner 
cylinder is taken by means of a mercurial thermometer about 2} 
mm. (0.1 inch) in diameter, placed in a hole in the center of the 
wall. The steam from the engine cylinder passes at each stroke 
into and out of the annular space B & between the cylinder and 
the inner glass. The fog or condensation on the walls can be 
observed through the glass cylinder by the eye or microscope. 
In this way the cylinder can be either heated by steam or cooled 
by water, and the fog effects noted for different temperatures of 
the small cylinder inside the revealer. To get the mean tempera- 
ture of steam in the steam cylinder indicator diagrams are taken 
and the mean temperature calculated from the pressures. Thus, 
when all the conditions are constant, the temperatures attained 
by the inner cylinder can at any time be compared with the mean 
temperature of steam touching its walls. 


EXPERIMENT. 


The revealer shown in Fig. 3 was fixed on the top of the low- 
pressure jacketed cylinder of the engine and placed in com- 
munication with it. The speed of the engine was about 35 
revolutions per minute. Boiler steam was admitted into the in- 
side of the small central cylinder, and the revealer was kept going 
with the power on the engine constant for a given time until all 
the working conditions were normal. At a given moment, with 
the wall at 299 degrees Fahrenheit, the steam was shut off from 
the jacket and notes were made of the gradual decrease of the 











1006 GLASS REVEALER FOR STUDYING CONDENSATION. 


wall temperature, arising, doubtless, from the exposure of the 
hotter walls to the cooler steam stroke, and to the still cooler 
exhaust stroke to condenser. This had already been noticed in 
a preliminary experiment. The wall temperature was read every 
minute until a minimum of 197 degrees Fahrenheit, was reached 
and maintained. The steam was then turned again into the 
jacket and the rapid rise of the wall temperature noted up to 
285 degrees Fahrenheit, in about one minute. In 35 minutes 
the temperature of.the cylinder decreased from 299 to 197 de- 
grees, equal to 102 degrees Fahrenheit, about 2.9 degrees Fah- 
renheit per minute. The mean temperature of the steam on 
double stroke was 168.45 degrees Fahrenheit, or 28.5 degrees 
Fahrenheit cooler than the mean temperature of the small cyl- 
inder walls, 197 degrees Fahrenheit. From the weight of the 
small cylinder, 1.06 pounds, its loss in thermal units per minute 
can be calculated. This amounts to 0.384 thermal unit per 
minute for 0.095 square foot, and is equal to four thermal units 
per square foot per minute lost by the walls to the condenser. In 
the above experiment there was very little radiation from the 
revealer, as it was just above a steam jacketed and hot cylinder ; 
and also very little conduction of heat along the connecting 
pipe, which is well covered, as is also the revealer. 


CONDENSATION OF FOG IN THE REVEALER 


With steam in the jacket no fog is visible, nor can any conden- 
sation on the walls be detected by the eye. They are much 
hotter than the incoming steam. About one-quarter of an hour 
after shutting off the steam in the jacket a little fog is visible, and 
at the end of thirty-five minutes much fog is seen and slight con- 
densation on the walls; in other words, as the temperature of the 
walls is gradually reduced, the amount of fog and condensation 


increased. 
LATE EXPERIMENTS. 


In late experiments made in May, 1900, the author used a new 
square cast-iron cylinder, similar to that shown in Fig. 3, but 
with four sides and so arranged that it could be either heated by 
steam, cooled by water, or kept at a constant temperature, and 
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the thermal effects thus studied. The temperature of the wall 
was taken in each case. When circulating water was used in 
the jacket, the quantity was weighed, and the rise in temperature 
noted. Indicator diagrams were also taken in each test from the 
low-pressure cylinder. 

Six experiments were made with different pressures of steam 
in the jacket of the revealer cylinder, and, therefore, at different 
cylinder temperatures. At the start, and for some time after, the 
steam heated the cylinder to a given temperature. It was then 
shut off, and the effects noted every minute until a constant and 
minimum temperature was reached, due to the steam from the 
low-pressure cylinder. The object was to determine the differ- 
ent rates of cooling of the previously heated revealer cylinder. 
The only condition varied was the temperature of the little cyl- 
inder. The tests prove that, notwithstanding the water on both 
sides of the cast-iron surfaces, their heat-absorbing properties are 
greater than their heat emission to the exhaust. 

Two other experiments were made. At starting the revealer 
cylinder was cooled by circulating water to a certain constant 
temperature. The water was then shut off and the rise in tem- 
perature of the cylinder noted every minute. The object was to 
determine the different rates of heating the previously cooled 
cylinder, and also whether the exchanges of heat were affected 
by more or less water on the cylinder surfaces due to condensa- 
tion. The temperature of the cylinder only was varied by alter- 
ing the quantity of circulating water. This seems to prove that 
} this water does not interfere with the passage of heat through 
, the cast-iron walls, and that the heat absorption goes on notwith- 
standing it. 

r Two experiments were made without shutting off the circula- 
ting water. The cylinder was cooled down to the desired tem- 
perature, which was then kept constant. One object was to 
determine whether the heat exchanged would be influenced by 
more or less condensing water on the external surfaces of the 
cylinder. Comparing these two tests, about twice as much heat 
passed in No. 2 from the low-pressure cylinder to the circulating 
water per unit of surface exposed. It had also to pass first 











1008 GLASS REVEALER FOR STUDYING CONDENSATION. 


through a greater thickness of water or drops on the surfaces 
This seems to prove that this surface water does not interfere 
with the passage of heat through the cast-iron cylinder walls and 
that the heat absorption proceeds all the same. Several of these 
experiments agree with M. Nadal’s theoretical investigations, as 
published in the “ Revue de Mécanique,” with the conclusions 
he draws—namely, that the heat absorbing properties of cast iron 
are much greater than their heat emitting properties, and the 
former are little influenced by the drops or condensation on the 
steam-engine cylinder walls. The author has not yet made ex- 
periments with surfaces slightly oiled ; all the above were carried 
out with fairly clean surface. A little oil from the steam cylin- 
der might perhas have been on them in places, but they appeared 
quite dry and even a little rusty to the touch. 

Experiments showed that the loss of heat by radiation of cast- 
iron cylinder at the rather high temperature of 298 degrees 
Fahrenheit includes the heat transmitted along the pipe to the 
cylinder cover. 
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SPEED TRIALS OF THE VAR/AG. 


The Russian twin-screw, protected cruiser Variag built for the 
Imperial Russian Government by the Wm. Cramp & Sons’ Ship 
and Engine Building Company, of Philadelphia, Pa., and con- 
cerning the phenomenal speed of which so many press comments 
have been made during the past four months, accomplished her 
contract performance satisfactorily on October 4, 1900, maintain- 
ing a speed of 23} knots for twelve consecutive hours (9g A. M, 
to 9 P. M.), and exceeding the requirements by } knot. This 
was under natural draft, and breaks the records both for speed 
and for duration of test for full-speed natural-draft trials. 

This speed was deduced from the standardization data of the 
propeller obtained by previous runs over a ten-mile course in 
July last, four runs (two each way) being made over the course at 
each of four different speeds, far enough apart to establish points 
for plotting a speed revolution curve, and from which the speed 
of the final trial could be obtained simply from the revolutions. 
The results of these standardization runs were: 

No. 1.—Speed, 16.122 knots; average revolutions, main en- 
gines, 100.2; I.H.P., main engine, 4,371. 

No. 2.—Speed, 19.6 knots; average revolutions, main engines, 
119.7; I.H.P., main engines, 6,975. 

No. 3.—Speed, 21.97 knots; average revolutions, main engines, 
140.8; I.H.P., main engines, 12,107. 

No. 4.—Speed, 23.7 ; average revolutions, main engines, 153.4; 
1.H.P., main engines, 16,206. 

An attempt was made on July 28, 1900, to run off the contract 
trial, but after about 7} hours run, during which an average 
speed of nearly 23.6 knots was secured, an accident to the port 
H.P. cylinder brought the test to a close for the time being, and 
the ship returned to the builders’ works for repairs. 


a 
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After repairs had been made, the official run was successfully 
made, as noted in the first paragraph of this article. 

From the reports of the contractors we are assured that the 
final 12-hour trial was made without any “ hitches” of any kind, 
and without any occurrences to cause the slightest uneasiness in 
regard to the engines, boilers or ship. No attempt was made to 
do the best possible, but only to maintain the revolutions neces- 
sary to safely secure the required results, so that the contractors 
certainly deserve congratulations and praise in reaching the ob- 
jective in this cruiser. 

The complete data of this last run has not yet been worked 
out, as the immediate desideratum was merely to be assured that 
the average revolutions of the engines was not below the 23- 
knot point. We are, however, able to give the principal data of 
the higher performance, that of the 7} hours’ trial on July 28, 
and this is tabulated below, after the ship and engine data. 

While it is noted that natural draft only was used, the 60-inch 
fire-room blowers were kept constantly running, except when 
some were temporarily shut down, in order to hoist ashes. This 
is what might be termed assisted draft, although there was no air 
pressure in the fire room, by gage. 

The Variag is equipped with a great number of electric motors, 
the after capstan, turbines for drainage, hull and engine-room 
ventilating blowers, forced-draft fans, ash hoists, winches and am- 
munition hoists are all so driven. 


HULL DATA. 
Length between perpendiculars, feet.........ccccccccesccssccseseccecesecsocccscccces 400 
a a eaag Oe II Riis civic sn rsin dence dace sydetaciudccebessms 419-5 
SO A iain ita italnscsncdonins detsines bSeioe concnarenanadomaniebeiae 425 
Bs De isso nascisinesnicshatrceeshsesdhpsouaad peamnitebaanentatcacssbaakauiaraaecins 52 
ING, Ie INE CIN oa 5 sccscencisocscnasasinctgheatane séntnepieaeteddiamenlibiess 19-6F 
IN, CR MOD oo, cho cn cnnacccscndanmabiaiaeeeneubieubabnpeneivadenceocnes 6,500 
NN RET. AE INR oo is Ss ccusscnctesscdeccddateeasiciiddcontedcucdeumewoeuis 35.84 
Pree Camas Oak GIR TENN OIG SION. isis 5 cincciseceinecicsiescoacscesyasdayenioioceeis 726.10 
Radius of action with normal coal at full speed, about, knots................0+ 1,000 
10 knots speed, about, knots............ 3,000 


ne Oe IN Oils Rha icing do hens pvcnaconeecaaneids cnlaoauboiohcoharoneed 1,290 
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Radius of action when all bunkers full at full speed, about, knots............ 1,700 
10 knots speed, about, knots...... 5,000 
Cae, GET WOR avi vo ied ponies: ecdtinviomanvicaeintiasceaeain 770 


The hull is constructed with double bottom but not sheathed. 
There is a protective deck running the entire length of the 
ship, 14 inches on the flat and 3 inches thick on the slopes. 
Accommodation will be made for 21 officers, 9 petty officers 
and 550 crew. Provision for 60 days, and water for 10 days. 
The armament will be as follows: 


12 6-inch guns, caliber 45. 

12 75-mm. guns, caliber 50. 

6 47-mm. guns, Hotchkiss, one barrel. 
2 Baranovsky’s guns. 

2 37-mm. Hotchkiss guns. 

The ship will be furnished with the following boats: 

2 40-foot steam launches. 

2 12-oar cutters. 

1 16-oar barge. 

I 14-oar working cutter. 

2 6-oar whale boats. 

2 6-oar yawls. 

Total, 10 boats. 


Provision has been made for excellent supply of make-up feed 
water ; 600 tons can be carried in the double bottoms if desired, 
and 60 tons will be regularly so carried in the fire-room double 
bottoms. Eight evaporators of 4,500 gallons each are installed, 
four of which are to be used only for make-up feed, with at- 
tachments, if necessary to connect all eight evaporators for this 
purpose. 

ENGINE DATA. 


Two 4-cylinder, inverted, vertical 40-62-(2) 68 by 36-inch stroke. 


Diameter crank shaft, 7-inch hole, inches............ccccoccccscscsccsscccccesccece 16} 
ane TG, FO TU, TR iiissaisis esc scesncsceccbdcoveseetnensbetns 153 
ODO WEE, FOE Tite, TON ini sss ccesceccccncssceendessctcasvcees 16} 

Cooling surface in condensers, square feet.........ccssccscsccssescsecsccessesceees 24,000 


Air pumps: Two independent, vertical D. S., 32 by 18 inches. 
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Cisoulating poms, impeller, inches... 5... .2.05505cceccceesissiesevenicosesesacecie 54 
All cylinders, jacketed. 
All valves, piston. 


a Me Ns BO I aortic nccnesccsenssiicns sisne.rastencoceveneviinttthaaten’ 75 
DRI MIR ais triccneinicasccnostnssverncssbonescns vovesipacnagsescseceiabebonsin 3 
IN CD SIND. ac sdnsaindsnsnane ceuconthanpensbesianeesatin 14-6 
eg GONE RENE MEOW ccvnescnessetinocetanscennivosssasecsncbusséencesace 18-3 
PN DNs ae dias skin dcccdindcccacetedaccecnscd six 12 7X 12 and four 9 X 5 X 12. 
ee FN iisnsc das cts sdnnceasscncsostus<cqutcdbendcasttencvandteds 10X7X 12 
BOILERS. 
SUNIINNNG <i cnccsn dus athenieecennerninnaesteismpehbosiibaereeennanenseseesiveras Niclausse, 
PN icici tei timeagihigicnandnbaetmusunddietiinen tees tart. tinsstabhdensuparsbieaitinte 30 
Furnaces......0« dncinnnbidesansiatinmandhnainule craven akbiudecs étipheeinddbasbathiereteked 30 
ss as asaedina besos ocncecassckdecspubbescdccscddguadendnbaveh<qnunediobyanss go 
I aa iat icbbcdacdienanhban banded casein tn WiktitlieaSegdmibenasinnes 420 
I NII svaicansstnacnacecetvasekenninnsenosesidivenetheewien 22 
ints ani ciniccintenahingaininidsunneasobachtekruapethuuberénidevecs 9,240 
Ne GE Cs te Oe ca cikcssicccsecvasnecacccecscetecccevstsncobocoesie 7-4 
Se TOUTE TRIE a Sis can csstcs ccc sdadissccsecbeo ssadesesbecssenes 6-53 
Re I, FO ass. sncstbitcieidietictorrnecctdlbinn <acabttvasipecttesinsseos 1,575 
Total heating surface, including headers, square feet............s.sssescesevees 62,229 
NIN i TT bs cas caida ents anohdeescenkeceesieadeatogdndtsbiaciiricnagniactheebsandss 39.6 
TAD INE CI, PIII osc cccisintacccccnsecnsednsadensadvasonsostebeteeses 3t 
NN Ge Se iad ick bsicicdnidahbetsidcek vapancntedentlekthCnniahsescettukesses ; 
I TN a cscndonepunaed chaise ons peeaalabovicanewspediceesaeese go 
Volume water in boilers (total) at steaming level, cubic feet.................. 3,931 
Be II, IE BO iiccvcccsanesanceccuspesesoncttensocectateyoasze 875 
ND IDI, I ago criiccccandsgeucncsesdandsracscdivensocansdabnusevessaces 256 


RESULTS OF OFFICIAL TRIAL. 


2°03 P. M. to 9°30 P. M., July 28th, 1g00. 


Port. Starboard. 
M.E.P. I.H.P. M.E.P. 1.H.P. 
FORRE Faae Mit ase cts tev esseaseccdceczancecsveceia 84.5 2,965 85.9 3,018 
Pied AM etecelsduccsdncedestontecaccereibedcdeen 27.6 2,327 28.2 2,373 
EE As Nia cas cpcncn cnn ackbactiddsccdsenasetie 10.3 1,143 12.1 1,232 
AF tic dit wniaiisdanicsenidatievinienes 13.5. 8966 820.5...1 233 
M.R.P. M.R.P. 
CO GI sos sctctciseciscasicsnsccvecesseyeencscevvien 37-82 7,631 38.97 7,864 
Pe le iatedcitichwttstbindaranhadeciawtkannnwbes 15,495 
CR Lo a RC Re 152.9 152.75 
IE iio nba sncscee is cenisiensiorneis 15 85. 
Ec sricinivadengtgiwbetcienontalstaitsvaianoaitnenidehis 232.3 230 
OE SIs cn decks asicsceensescesaniatecensinngnies 191.3 190 


SR ie cdaccsntercuceaaicdiasias tpnitieetseun 51.2 56.1 
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DE SE TR pas rasisiinksaccastabssiaiasinsibinnaanenn 9.6 10.5 
WORMED, ciniinctintscnntasncteseesssachnpctancarneiens 23.3 22.5 
COREE Fa PII csssecscccessvessacssineccecsees 4 3t 
IE hadi in aancoentcahenebas eibccedasandeaghten -740 -740 
WR Bae scieii cdic taddeka tiscadcndciecteuunte 753 -753 
DRE hetectesiens ieteaenaipaemet aapecibine -709 -709 
SN Oy PIN ios senses 0 ne inant pai cnnbiicnncaventucccwannen Closed. Closed. 
BOR TAG TIE BE TI sonst vivnnee ss ssivecinicctcepeseensanies 13 14.7 
revolution circulating pump ........sce.ssseeeeeeee 190 173 
temperature injection, degrees Fahrenheit...... 62 62 
discharge, degrees Fahrenheit..... 122 126 
a. hot well, degrees Fahrenheit...... 86 82.5 
starling platform, degrees Fabhr... 97 96 
DOR RIE, BIS oases cnseccnttwsnsnecceceenscadinas teoctiuee 23.6 
UE TONNE cticnitdacinineisttaavetorttnswneteliesve 15.4 
# draught, feet and inches........i.cscccccosssccosescesce 19-63 
PIN GUIE, CF nesccinceceseneve vecctnvesstecesviteriseuvis 6,500 
FIRE-ROOM CONDITIONS... 
2 P. M. to 9'25 P. M., July 28, 1900. Average pressure on 
all thirty boilers, 243.5 pounds. 
Fires thin, about 9 inches thick. Firing good. 
One-half glass of water carried on all boilers. 
Outside of uptake hot, between 300 and 400 degrees Fahren- 
heit. 
Temperature of passage between boiler and bulkhead, 127 
degrees Fahrenheit. 
No. 1. FORWARD SINGLE FIRE Room. 
Average speed feed pump, double strokes per minute..............csssesececseseees . 29} 
URRRIIT SE I, QO ick ovcnvccnecentcscevensveticclanesnedeckotonsereee 289% 
SOE: CORI cies id cdcancnssehetpieetascivensusentebheratansnienteden 249 
temperature of feed water at pump, degrees Fahrenheit.................. 81} 
number revolutions of blowers..........s.sssssseesseeees erecececsessonsecseece 4022 
a. air pressure.,...... ee Ae EN te, OS RE ES ne MeL pt en, UES ° 
temperature of fire room on floor, degrees Fahrenheit..................06+ 90§ 
gratings, degrees Fahrenheit............... 114} 
No. 2. FORWARD MIDDLE FIRE Room. 





Average speed feed pump, double strokes per minute............scesseecsseeeeeeees 26 
DURING OE IIE, OIE, 5. k0sicicnidanevinnhiesnendoedenhnesenmpbidestmntes 357 
IT IN a oincisnscsccnchs acoseiten! dbahelasbsetusepaneeipesstuces 243% 
temperature of feed water at pump, degrees Fahrenheit...............++ 833 


number revolutions of DlOWerS..............sscccceccsscescescsevevsceecesececs 400} 
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TROUIIREE GEE POIB Eo sins vn dnccnsetiniccsatssceseceducccsacscussed. Sguesesuiees vodsseaes °o 
temperature of fire room on floor, degrees Fahrenheit..............00000 g2t 
gratings, degrees Fahrenheit................. 1123 


No. 3. MIDDLE FIRE Room. 


Average speed feed pump, double strokes per minute.............s2csesseseeeseeeee 23% 
I Se SN vravicccascciausecds pasrenstasazenvacrcnphaboubeneeysaeh 3784 
Ne I SIs pacesvesscncenesconancstsadsusdousensbinenennaesaeie® 2483, 
temperature of feed water at pump.............seeseseeeee Thermometer broken. 
ee SINE WE IIE ciicavnrcecicasaccccbeanbinsteseoongendinenacces 3963 
GEE PRE, rccasniencovuccsecqcéstoteccncenennceeiecss<cvntesisies sesesvesiinoges fe) 
temperature of fire room on floor, degrees Fahrenheit...............0000+ 984 
gratings, degrees Fahrenheit................ 123 


No. 4. AFTER MIDDLE Fire Room. 


Average speed feed pump, double strokes per minute.............cseesseesecesseeeee 364 
RIE EE I BI oo cscsivccvevisarnirerertondetenineapncenibbenrunctacen 4108 
IE I III ba Si inrideinie ed entncddaes deckeoncenascccesdgcepavecereses 238% 
temperature of feed water at pump, degrees Fahrenheit................+. 8475 
er I A I. ra duadhevacenshiereredépesuessosonenane 3984 
OF ides accccvccssbcentscsnntiveveventiasssinéggecssmizervevsicosnionn ° 
temperature of fire room on floor, degrees Fahrenheit..,...........-.00+ 944 
gratings, degrees Fahrenheit............... 134% 


No. 5. AFTER SINGLE FIRE Room. 


Average speed feed pump, double strokes per minute,...........scceeseecereceeeseee 282 
RINE OO URN: DING, S555 hi os. ocshadebiodenaaeskconddnoucanbabataseon 3452 
GOONER PORISEIE, BODEN... 00.050 cccccccsnedensccesocecsosesenenmpbpissdidasenceouss 240;4, 
temperature of feed water at pump, degrees Fahrenheit SRE Eee rere 841 
eG VET ONNS GE TOI ac5 chiens tenes cosicsstcnesssscocecocosceseee 387% 
RIF PUOSSUTES. «0.0050 cesccoccescccccccecsenvesccoescoonesccesocesccoscosesecsocscoooses ° 
temperature of fire room on floor, degrees Fahrenheit.............2-++0+ 103i 
gratings, degrees Fahrenheit............... 157 


BLOWER CONDITIONS. 


The motors ran well; no sparking; bearings cool. Founda- 
tions firm; no vibration. 

No. 1 blower shut down from 7°10 P. M. to 7°55 P. M. to per- 
mit hoisting ashes. 

No. 3 and No. 4 blowers shut down 7°20 P. M. for same reason. 

No. g and No. 10 blowers shut down 7°35 P. M. for same reason. 
Were still shut down when trial ended 9'25 P. M. 

Boiler held steam well after blowers were stopped. 
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No. 9 
No. 10 
No. 11 
No. 12 
No. 13 
No. 14 
No. 15 
No. 16 


SPEED TRIALS OF THE 


AVERAGE NUMBER OF REVOLUTIONS. 
No. 1 blower, 


VARIAG. 


4067 
399% 
408 

402} 
3993 
394% 
3974 
393# 
392 

4024 
405% 
399 

3938 
3962 
387% 
387% 





Combined average number of revolutions for sixteen blowers, 


—_7 
39716: 


A thorough examination of the boilers after this run showed 
no signs of distress. 

Mr. Chas. H. Cramp, in a paper read before the Society of 
Naval Architects and Marine Engineers at the last meeting, sub- 
mitted two tables of comparisons between the Variag and several 
other noted protected cruisers of English and American build, 
which we have here reprinted. 








Olympia. 
Blanco Encalada... 
25 Dé MAyo..usseevess 
Diadem 


TABLE No. 






FAVED ccsccunccocss conees cevesnunnenognaesseociecsaseesesceie 


Trial-trip displacement. 


II. 


hull, boilers 


Fixed weights : 
and engines 








ta BESE 
es oe ..c 
a6 sase 
ae vio 
eS SE os 
tie we. 8 
3 gs**. 
°¢ 2. o5c= 
~& wa Re 
Pa OG 
eS ry sss 
os 7) 
Be SgLe 
_ cs) 
-—6a uv eeu 
So Sas 
6° seos 
& Vy 
1,759 377 
1,279 20.9 
880 18.7 
1,000 28.2 
650 259 
2,588 23-5 
3,498 | 32.6 


engines, 

















NOTES. 





ANNUAL REPORT OF THE CHIEF OF THE BUREAU OF STEAM ENGINEERING. 


The Report of the Engineer-in-Chief is somewhat more vol- 
uminous this year than last, and, although submitted to the 
Department on October Ist, it has been delayed in issue in 
pamphlet form by the tedious work of getting the illustrations 
reproduced; these illustrations being of the newly-designed 
machinery for battleships and cruisers and also of other draw- 
ings referred to in the Report. The text, however, was given to 
the press by the Department and has received numerous appre- 
ciative comments upon its most important features. 

We give here the index of the several “eads under which the 
report is made, to mark its scope, and have also quoted a few 
remarks from the “American Machinist,” whose editor’s ‘‘ brief” 
is not too long to reprint here. 

The headings are as follows: Expenditures for 1899-1900— 
Designing work in Bureau—Repair work—Repair ship—Ves- 
sels under special repair—Inspection work, general—Consolida- 
tion of bureaus—Personnel—Naval Academy—Warrant ma- 
chinists—Drafting room, details of work in—Material inspection, 
details of—Machinery plants, improvements in—Laying up 
ships—Torpedo boats, care of—Experimental work—Liquid 
fuel—Boilers for Cincinnati (Babcock & Wilcox water tube), 
test of one—Navy yards and stations—Trial trips of Kentucky, 
Alabama, Albany, Isla de Luzon, Isla de Cuba—Vessels under 
construction—Machinery of United States naval vessels, data 
of—Estimates of expenditures for 1901-1902. 

In commenting upon this paper the “American Machinist” 
says: 

The annual report of Admiral George W. Melville, Chief of 
the Bureau of Steam Engineering, recently forwarded to the 
Secretary of the Navy, is, as it could not have failed to be, an 
ably written and highly interesting paper. We can spare space 
only to notice a few of the most important points touched upon. 
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The paper opens with a plea for appropriations adequate for 
maintaining the work of the Bureau, so that it may be most effi- 
cient, and not incomparable with the other nations of the world, 
pointing out the activities of all the powers and the lavish ex- 
penditures not only in repairs and maintenance, but also in the 
building of new ships, and especially in conducting elaborate and 
extensive experimental work in the various fields of investigation. 
The necessity of building and maintaining repair ships is es- 
pecially insisted upon, the work of the hastily improvised Vu/can 
in the Spanish War having amply demonstrated the value of such 
adjuncts to fleets engaged in the actual operations of war. An 
appropriation is asked for a new ship throughout of at least 5,000 
tons displacement and to cost about $1,000,000, which, by the 
way, would only be about one-quarter of the cost of a first-class 
battleship. 

The improvements under way at the shops and machinery 
plants at the various navy yards come naturally next in the re- 
port. There has been delay in placing contracts for new build- 
ings on account of the high price of material, and changes have 
had to be made in designs to keep within the appropriations, 
Great care has been taken to make all new buildings absolutely 
fireproof. Contracts have been made for the power plant of the 
new shop at the New York navy yard, and also for the power 
tools. 

In the preparation of specifications for tools, care was exercised 
to avoid calling for patented and proprietary articles which could 
be supplied only by individual firms, and the success of the 
scheme was evidenced by the great numbers and the wide range 
of the bids received, and a selection of first-class tools was made 
at reasonable prices. An extensive and fully-equipped plant is 
called for in the Philippines, either at Cavité or at some more 
suitable point. 

An appropriation of $100,000 is asked for experimental work. 
Immense sums are expended annally by other powers, and the 
results obtained lead to the avoidance of costly errors in practice, 
and to higher efficiencies in succeeding designs. The unsatis- 
factoriness of experiments made with models is sufficiently 
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familiar. The Bureau needs reliable data on the economy of 
engines running at a small fraction of their maximum power, 
and this information is to be obtained only from a modern and 
fully equipped vessel. The economy of the boilers of the main 
engines and the various auxiliaries could be obtained for various 
speeds, and the data thus obtained would suggest changes for 
the better in all subsequent practice. The Raleigh or the Cin- 
cinnati is suggested as a suitable vessel, which could at the same 
time be a practice vessel for the Naval Academy. 

The use of liquid fuel has not been demonstrated to be more 
desirable than that of coal, either here or abroad. Suggestions 
are made towards the imposing upon contractors for new ships 
of requirements for economy tests whereby the machinery at 
maximum and other selected powers must show certain horse- 
power at stipulated expenditure of coal. This is insisted upon 
by other powers, but, with us, as detailed plans of all machinery 
are examined and approved by the Department, such require- 
ments have seemed to be scarcely just. 

The report strongly opposes the consolidation of the Bureaus 
of Construction and Repair, Steam Engineering and Equipment 
into one Bureau of Ships, as proposed by the Secretary of the 
Navy a yearago. ‘‘ Every tendency is to increase specialization 
in work, owing to the ascertained value of a system whereby 
leading talent in each department may devote itself to the ad- 
vancement of its particular branch, and not be diverted there- 
from through a maze of miscellaneous and unrelated work.” 
The next paragraph which we reproduce is full of the person- 
ality of the author. 

“That differences should agitate the board (referring to the 
present Board on Construction) is not only natural, but also 
highly proper, and is a most effective protection against hasty 
and regrettable action. This occasional lack of harmony must 
not be confused with any real lack of efficiency, nor into a 
cause for recommendations having for their object the reversal 
of the true business principles by a combination of radically dif- 
ferent professional duties. Not only would such a course fail to 
bring harmony, but a surer result would be in a speedy decline 
66 
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in the rate of progress made in each profession. I, in common 
with the chiefs of other bureaus, naturally feel a pride in the emi- 
nence of the Bureau I control, but I am honest in declaring that 
my opposition to the proposed combination has a reason far above 
personal feeling or ambition, and that reason is my positive 
knowledge of the fallacy of the arguments for it and the firm 
conviction that only confusion, greatly decreased efficiency and 
greatly increased expense can possibly result.” 

A most regrettable thing is the necessity which exists for the 
report to go again into a discussion of the personnel question. 
The effect of the law after two years of trial, the report states, 
has been very unsatisfactory to the steam engineering interest of 
the Navy. The work of the Bureau has greatly increased while 
the number of skilled officers available for the work has de- 
cidedly decreased. The cause lies not so much in the law itself 
as in the failure of the Department to encourage officers to take 
up this line of work. The concluding portion of the report is a 
most earnest appeal for efficient engineer officers in sufficient 
numbers, and most serious consequences are predicted if prompt 
steps are not taken to materially increase the present staff. 
Admiral Melville says : 

“In attention to my recommendations or apathy regarding the 
immediateness of the necessity for more active and decided 
measures toward securing the desired conditions can surely re- 
sult in nothing but rapidly decreasing efficiency, from which it 
will be continually more difficult to recover, and the cost of 
which will be significant in enormously larger repair bills, 
shorter-lived machinery, and a fleet of vessels in doubtful fitness 
for their designed service—a Cervera fleet, with limitless men, 
but lacking the technical experts needed to meet the extra- 
ordinary and ever new conditions of emergency and war. 

“T regret I have failed to impress you to the point of action 
by my former communications. Had a series of calamitous 
events occurred during the past year to make graphic the in- 
sufficiency of the present force of expert engineers, I am sure 
potent remedial measures would have been promptly taken by 
the Department. But while glad indeed to have disasters 
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averted, I can assure you that danger now exists. It lurks in 
the silence of seeming security, but a knowledge of its presence 
should increase the desire to hasten its removal. Fortune alone 
has postponed casualty. 

“ The country can safely count on the valor and fidelity of its 
officers and men, but fidelity and valor without knowledge of the 
use of the arms given them with which to do battle can avail 
little against an efficiently drilled foe, and will scarcely afford 
more than an exhibition of heroic sacrifice, as needless as it 
would be cruel. The arms of a battleship are her machinery 
and her guns, ‘ useless each without the other,’ and strong to 
victory when working well together. No deep thought is neces- 
sary to understand this, in the light of late experience. The 
very highest degree of excellence in both the condition and 
handling of each is the price of successful encounter, or, at least, 
is the expectation of the country. A ship, motionless or help- 
less to maneuver well, could never make efficient battle, be her 
guns ever so good or her crew ever so brave. To guard against 
this the head of the Steam Engineering Department must be full 
of resource and armed by experience and engineering ability, 
only attained by years of intimate association with machinery 
under all conditions of service. Hap-hazard luck may bring a 
ship through without this, but sane judgment would condemn 
dependence on simple fortune or a failure to use every possible 
effort to insure a most competent management in this most 
important of ships’ departments.” 

The Admiral would, by departmental order, compel all line 
officers below the navigators of ships to alternate in duty in the 
engine room and on deck, and would have efficiency reports 
made quarterly to note their progress and to class their ability. 





BRITISH PRIZE NAVAL ESSAY. 
(“ARMY AND NAvy JOURNAL.”’) 
If the editors of the daily newspapers that made such a fuss 


over Lieut. Hobson’s remark that the Spanish ships at Manila 
were sunk by their crews and not by Dewey’s guns had read the 
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naval prize essay published in the “ Journal of the Royal United 
Service Institution,’ they would have known just how largely 
gun fire has figured and what part it has played in the destruction 
of fleets in the wars of the last decade. The luminous details that 
have been published of the Manila and Santiago sea fights ought 
to have left little ignorance among those who are supposed to fol- 
low current history as to the real cause of the destruction of the 
Spanish ships at Manila. Lieut. Hobson was sent to Santiago 
to raise a Spanish warship. Suppose he had returned and said 
that the ships had not been sunk by shell fire, but by being run 
on the rocks, would any one have construed the remark as re- 
flecting on the efficiency of the fleet of which Hobson himself 
was a part? The Cristobal Colon was run ashore when Capt. 
Moreu found he would be cut off by the Brooklyn, and when a 
big shell from the Oregon struck near him. So far as injuries 
were concerned, the Co/on was almost as sound when she ran 
ashore as when she issued from the harbor. Yet she was as 
much a victim of our unerring pursuit as if she had been sunk 
miles from shore. In fact all of Cevera’s four large ships were 
run ashore, thus being directly wrecked by their own crews, but 
this fact was never used to belittle the work done by our ships. 

Among the officers and men of our navy the misrepresenta- 
tion of Lieut. Hobson’s remark was so clumsy that it carried its 
own correction on its face and scarcely needed the explanation 
by the Lieutenant, on his arrival at the New York Navy Yard 
last week, that he had no intention of depreciating the work of 
Admiral Dewey’s ships, and merely stated the fact that the 
Spanish sailors had opened the seacocks of their ships, preferring 
to sink them than to have them fall into the enemy’s hands. 

The prize essay to which we have referred was written by 
Major O. Field, R. M. L. T. It discusses the best type of war 
vessels for the British Navy in the light of the changes in naval 
construction during the past twenty years, and of the experience 
gained in the Chino-Japanese and Spanish-American wars. The 
treatment of the question includes armor, equipment and arma- 
ment. In these two wars, he says, “the causes which led to the 
destruction of the many Chinese and Spanish ships at the Yulu, 
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at Manila and at Santiago were in almost every case the con- 
flagrations that broke out on board and the demoralization of 
their crews by these and by the torrent of projectiles that riddled 
their unprotected batteries. 

“ At the battle of Santiago the /nfanta Teresa, the Viscaya and 
the Oguendo were all put out of action by the effect of the Amer- 
ican fire on their hulls above the water line, which wrecked every- 
thing, made a shambles of their batteries, and set their decks and 
woodwork ablaze, while the Co/on was run ashore by her com- 
mander when escape was impossible. In no case was there any 
damage at the water line sufficient to imperil the flotation of the 
ship.” 

To the essayist it appears “as if we (the British) had, com- 
paratively speaking, approached finality. Not only do we con- 
continue to build battleships so much alike that a squadron of 
them presents the same uniform appearance that the fleets of Nel- 
son, with their long lines of checker-sided three-deckers do in the 
pictures with which we are so familiar, but foreign nations are 
copying the type more or less closely in their newest naval crea- 
tions. The Russians, the Germans, the Italians and our cousins 
across the Atlantic all now build their battleships with their 
principal armament of four heavy guns disposed in pairs in tur- 
rets or barbettes, fore and aft on the central line of the ship, with 
a central battery of heavy Q.F. guns between them. Even the 
French with their great shipbuilding prestige seem now inclined 
to abandon their favorite types to approach more nearly to our 
own.” 

Eight lessons are found by Major Field in the two wars. 
These are: the urgent necessity for the removal of every possi- 
ble portion of woodwork which now enters into the interior 
construction of a man-of-war, and as a corrollary the advisability 
of improving the protection of the fire mains; the necessity of 
providing thorough protection for the guns’ crews; the fact that 
armor plating has shown itself more effective than had generally 
been supposed; the uselessness, not to say danger, of lightly 
armored gun shields ; the suicidal nature of the custom of mount- 
ing torpedo tubes above water ; the comparatively slight effect 











1024 NOTES. 


of the heaviest guns when their cost, weight and slowness of fire 
are considered; the very great’ value and efficiency of Q.F. can- 
non, especially the heavier classes of weapon; the importance of 
homogeneity in a fleet or squadron. 

The “ negative inferences” he draws are these: The absence 
of any deliberate attempt to make use of the ram, and the com- 
paratively little effort to utilize the Whitehead automobile torpedo 
as a weapon of offence. 

The effect of the woodwork on the Spanish ships at Manila is 
not discussed by the author, as he says their destruction was in- 
evitable, since they were feeble and out of date. The damage 
done by fire on the Viscaya, Oquendo and Maria Teresa at San- 
tiago was so appalling that the Americans promptly ordered the 
removal of all woodwork on the Chicago and Newark, in process 
of reconstruction. 

The essayist does not agree with the contention that if we 
make ships more uninflammable we can afford to leave a large 
part of them open to the free passage of explosive projectiles, as 
the great penetration of fragments of shell exposes to great loss 
of life, not to speak of the dangers of asphyxiation from the 
fumes of new explosives. As to greater effectiveness of armor- 
plating, the most valuable illustration is found in the case of the 
Colon at Santiago, from which a 5-inch armor-piercing projectile, 
striking at an angle of 45 degrees, rebounded, though capable 
theoretically of piercing twelve or thirteen inches of iron, the 
Colon’s armor being only 6-inch Harveyized. The fact that the 
Colon was the only Spanish ship to hit the Brooklyn with any- 
thing heavier than a 6-pounder suggests that her extensive armor 
protection gave greater confidence to her gunners. 

Need of Thick Gun Shields—The danger of thin gun shields 
had a striking illustration at Santiago when the hood of the 
foremost 11-inch gun was penetrated by an 8-inch shell, which 
killed everyone in the barbette. The Maria Teresa also suffered 
in a similar way, and the essayist’s conclusion is that shields, 
unless at least four or five inches in thickness, are more harmful 
than useful. There is nothing for it but to substitute regular 
armored protection for every gun in the secondary batteries. 
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As tothe peril attending the use of above- water torpedo tubes, 
the paper says the Spanish-American war proved the truth of 
the predictions that above-water torpedo tubes would prove 
disastrous. At Santiago the Oguendo is supposed to have hada 
torpedo exploded by a 5 or 6-inch shell with disastrous effect ; two 
12-inch projectiles, which burst in the after torpedo room of the 
Infanta Maria Teresa, are thought to have caused the explosion 
of others, while there was after the fight a gaping hole in the 
starboard bow of the Viscaya which was also put down to a sim- 
ilar cause. 

Coming to the effect of the heavy guns, Major Field points 
out that when the Spanish ships were examined at Santiago by 
a board of experts no hit by any 13-inch projectile could be dis- 
covered, and only two made by 12-inch shell. Many of the shell 
from the 8-inch guns carried by the American ships would seem 
to have done almost as much damage, and as the eighteen of 
them which were in action made between them a dozen hits there 
is no doubt that they proved much more formidable to the en- 
emy than did the fourteen very heavy guns with their poor score 
of two hits. 

The great value and efficiency of Q. F. cannon was amply de- 
monstrated at the battle of the Yalu by the Japanese, who had 
batteries of 4.7-inch quich-firers in nearly all their ships which 
were present. The Chinese, on the other hand, are not supposed 
to have had more than two or three of these guns in their whole 
squadron, and no quick-firers of higher caliber. They had a 
considérable number of 3, 4 and 6-pounder rapid-firers, but so 
also had their opponents. But with the two or three Q. F. 4.7 
guns that they had and a couple of breech-loaders of the same 
caliber the Chinese contrived to hit the Sako eleven times. In 
fact, this scoring compares favorably with the record of the Ameri- 
can 4 and 5-inch quick-firers at Santiago. Of the two calibers 
together they had nine in action, and made between them twenty- 
seven hits, an average of three a gun. ‘ The Chinamen, too, were 
under a much more severe fire than the Spaniards were able to di- 
direct upon the American gunners. But in both battles the greater 
part of the havoc and destruction may be safely credited to the 
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quick-firers. Their closest rival without doubt has been the 
8-inch slow-firing breech-loader, which was extensively used by 
the Americans both at Manila and at Santiago. This probably 
was on account of the greater size of its projectiles and of their 
bursting charges, combined with a fair rapidity of fire. The 
paper favors substituting 8-inch quick-firers for some, at any 
rate, of the 6-inch weapons now carried on British ships. 

The importance of having an ample supply of ammunition 
for Q. F. guns and a means for its rapid transference is brought 
home by recent experiences. At the Yalu, disaster fell upon 
the Matsushima from the explosion of a pile of cartridges which 
had been accumulated in an unprotected position. At Manila, 
after two and a half hours’ fighting, Admiral Dewey drew his 
ships out of range to take stock of his ammunition. A ship 
armed with Q. F. cannon must have a rapid means of supplying 
them with a constant stream of projectiles from below the water- 
line by means of hoists continuously running and actuated by 
small electric motors, or other means if considered preferable. 

The importance of homogeneity was shown at the Yalu, 
where the Chinese might have made a different fight had they 
had a couple more ironclads like the Chen Yuen and Ting Yuen, 
in the place of the numerous but heterogeneous collection of 
cruisers and gunboats. Want of homogeneity, too, considerably 
reduced the effectiveness of the Japanese fleet with which they 
were engaged. The importance of homogeneity was not con- 
spicuously demonstrated by any of the events of the Spanish- 
American war. The Americans had the whole affair their own 
way from start to finish, and though their fleets which were en- 
gaged in the Manila and Cuban campaigns were not particularly 
homogeneous, yet they far and away outmatched the Spaniards, 
as, indeed, they would have done had every ship at their disposal 
been of different speed, tonnage, armor and armament. 

As to the use of the ram, the paper says that at Santiago the 
Spaniards might, perhaps, have employed it as a last resource 
with some effect. But they were too fully occupied in trying to 
escape to attempt it. The Vizcaya’s movement toward the 
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Brooklyn, Major Field thinks, was not to ram, but to use the bow 
torpedo. 

On the use of the automobile torpedo, the essayist says that 
no lesson or theory can be drawn from the failure of either the 
Chinese or Spaniards to use their torpedo boats to attack the 
blockading squadron off Wei-hei-Wei or Santiago, for initiative 
was absolutely wanting in the officers of both nations. The only 
remark that can be made in reference to this is, that to make 
effective use of torpedo boats a bold and efficient body of officers 
and men is a stwe gua non. These are most likely to be found 
in the finest navies, and not in the second-rate ones. The Amer- 
icans, very possibly, might have made a successful torpedo attack 
on Admiral Cervera’s squadron as it lay at anchor in the harbor 
of Santiago; but, having the Spanish ships well bottled up, they 
might reasonably hope that they might fall into their hands 
intact sooner or later. “ Still, had they made an early and suc- 
cessful attack, the work of the army would probably have been 
much shortened and the defense of the city would have most 
likely collapsed much sooner than it did.” 

Major Field thinks that if the Spanish destroyers Pluton and 
Furcr had kept on the off-side of their cruisers it is just possible 
that they might have got a chance of using their torpedoes with 
some effect. “They were handled in a way that can only be 
described as a compound of madness, fatuousness and igno- 
rance, and, as might have been foreseen, were literally blown out 
of the water in a very few minutes. To suggest as a lesson that 
this procedure is inadvisable, would be to insult the intelligence 
of the officers of any navy in the world.” 

The Chino-Japanese and the Spanish-American wars were 
both too one-sided, and especially so in the initiative, to test the 
value of the automobile torpedo; but too much must not be 
expected of the weapon, even against a comparatively inactive 
enemy. 

Concerning the future warship type the paper considers “ that 
our latest types approach very nearly to the ideal. No men-of- 
war belonging to foreign powers carry such ample supplies of 
coal, stores and ammunition as do our own (British); in no navy 
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in the world is there the same homogeneity in the various classes 
of war vessels. The advantage of this last factor can hardly be 
overestimated, though, strange to say, it seems only lately to 
have been grasped by our rivals abroad.” 

Major Field comes out squarely for big battleships of not less 
than 12,000 tons displacement. The cost of maintenance and 
upkeep of such a ship is on her side when comparison is made 
with smaller ships. The Canopus and Royal Sovereign type fur- 
nishes a design “that is an excellent one,” the only points open 
to criticism being the amount of protection afforded to the 
6-inch guns, their comparatively small number and the un- 
armored ends. The paper then discusses with the aid of plates 
the different styles of vessels. The proposed commerce pro- 
tector is to be of from 12,000 to 15,000 tons. In outward 
appearance it will be assimilated as closely as possible to a big 
mail boat, not only in order to give her a better chance of 
approaching an enemy’s cruisers without arousing suspicion, 
but also to create among them a feeling of caution when com- 
ing up toa mail boat. It should have no military tops and the 
funnels should be only two in number. It should be able to 
stand the closest scrutiny from the enemy’s field glasses. Deal- 
ing generally with cruisers, the paper admits the justice of the 
American criticism that the British cruisers are under-gunned. 

No important divergence is suggested from the present types 
of torpedo boats and destroyers. The activity of France and 
the United States in pushing submarine experiments does not 
penetrate the British apathy in this direction, and Major Field 
dogmatically declares that “submarines are a confession of weak- 
ness and by no means to be recommended for our own navy, 
whatever foreigners may think of them.” 

Protection for the crews is the burden of the essayist’s conclud- 
ing remarks. The awful loss of life on the Spanish ships, as a 
result of the deluge of American projectiles, has evidently made 
a deep impression on the mind of the English naval experts, if 
the paper may be taken as a criterion. Added armor, he insists, 
should be provided even if the number of guns must be reduced, 
or even to a small extent the coal. While granting certain 











NOTES. 1029 


advantages to come from the dispersion of gun positions, he 
asks whether the gain is enough to compensate for the danger 
incurred by leaving the most important portion of the main deck 
open to destruction, and whether it is not better to concentrate 
the guns in order that a complete armor defense may be provided 
for them, and, instead of endeavoring to avoid danger by disper- 
sal, boldly defy attack by adequate protection. If the flotation 
of the ship is also secured, and the unarmored portion above the 
water line, fore and aft of the citadel rendered fire proof, its rid- 
dling and destruction would be a matter of comparatively little 
consequence. No one would be in it in action; no one would be 
called on to leave the guns and the armored citadel to put fires out 
in it, and it is possible that an enemy, recognizing the futility of 
expending his ammunition on them, would restrict his fire, as 
far as he could, to amidship, although here the ship would be 
best fitted to withstand it.—‘t Army and Navy Journal.” 





ALUMINUM-THERMIT. 


The high reducing power of aluminum was recognized and 
studied by its discoverer, Wohler, in 1827 ; by Ste. Claire Deville, 
who first produced the metal on a commercial scale in 1845 ; by 
Tessier, Troost, Mallet, Cl. Winkler, Green and Wahl, L. Franck, 
and by almost everybody who worked in the matallurgy of 
aluminum. All these investigators heated the crucible, which con- 
tained the mixture of aluminum and the substance to be reduced, 
and as the reaction is sudden and very energetic, almost ex- 
plosive sometimes, ¢. g., in the case of alkali sulphates, no prac- 
tical process was devised for rendering the reducing action of 
aluminum available in the arts, and the crucibles never survived 
the operation. More recently, however, Dr. Hans Goldschmidt 
found that the mixture need not be heated from the outside; it 
is only necessary that the reaction be started, and this is done 
with the aid of a mixture of powdered aluminum and some 
peroxide, barium peroxide by preference. At the time he first 
described his process two years ago, he shaped the primer into 
an “ignition cherry,” into which he stuck a piece of magnesium 
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wire. The Chemische Thermo-Industrie Gesellschaft, of Essen, 
which has since taken up the process, now supplies the primer 
as a white powder in metallic cases weighing from 2 pounds to 
10 pounds. The Société d’Electro-Chimie, of Paris, which 
works under a license from the parent company, has introduced 
it under the very appropriate term “ alumino-thermie.” 

The reduction of metals by Dr. Goldschmidt’s process is ex- 
ceedingly simple. For instance, metallic aluminum and chrom- 
ium oxide, both finely powdered, are mixed in crucibles of a 
capacity of several hundredweights, made of firebrick. The mix- 
ture is set alight, and the operation is completed within half an 
hour. The metals obtained in this way are pure, especially free 
from carbon — an essential point — provided, of course, that the 
materials were pure. The regulus is found under a layer of 
molten alumina, the natural corundum which we know, in various 
degrees of purity, crystallized or amorphous, as ruby, sapphire, 
oremery. The crust is said to give an excellent emery, and, be- 
ing free from iron and hydrate, it ought to do so. Chromium 
and manganese and their alloys, ferro-titanium, ferro-boron, etc., 
are now manufactured on a large scale in this manner, and re- 
markably fine metals and alloys are obtained. The reduction of 
vanadic acid has, however, failed. The supposed vanadium, sub- 
mitted to Hittorf, turned out to be the suboxide Vd,O. 

For engineers there has been prepared a substance called 
“thermit,” a mixture of iron oxide Fe,O, and aluminum. Its 
chief use is for repairs of large pieces which cannot be heated in 
the ordinary way. Suppose we have to replace a broken tooth 
of a large wheel. The tooth is moulded 7” situ in fireclay, clay 
and coke, with or without the addition of sand; ample dimen- 
sions are allowed. Then the required weight of thermit—ther- 
mit R is recommended for castings—is melted in the special 
crucible supplied by the Essen Company ; 1 pound of thermit 
yields $ pound of iron. We start with a pound or two of ther- 
mit, strew some primer, about I per cent., of this mass, on it, and 
ignite it by throwing a common fusee match on the top, or dip- 
ping a red-hot iron wire into the mixture. The crucible should 
have been placed in a safe spot, and the man should wear smoked 
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spectacles to protect his eyes against the glare. The reaction 
starts suddenly. More thermit is strewn into the white-hot mass, 
not thrown, until the calculated weight has become molten ; the 
temperature is estimated at 3,000 degrees centigrade. The 
liquid corundum is now poured off, and then the iron, which is, 
of course, easily distinguished from the alumina, poured into 
the mould. The piece is slowly cooled, and the tooth ham- 
mered and filed down to exact dimensions. The filling in of 
holes in faulty castings is simpler still. 

Rail welding by “thermit” was first tried on the Essen-Steele 
electric tramway line a year ago, and no fractures have occurred, 
we are informed, during the experience of a winter and a sum- 
mer. In South Germany and in Brunswick railway tracks have 
been treated in the same way, and this process appears to be 
regarded with favor. When we think of the heavy and costly 
machinery which has been employed in the United States for 
electric rail welding, we cannot help being struck with the ease 
of this new operation. We are aware that simple iron casting is 
also practised on rail joints. But so simple an outfit has hardly 
been seen before. Two men, a crucible, with a pair of tongs, a 
large case of thermit, and a small cage of primer, and a box or 
mold, are all that is required. The mold is clamped to the rails. 
How long the joints will last remains to be seen. Welded joints 
have not exactly fulfilled the hopes their advocates placed 
upon them, we believe, though they have not justified the severe 
objections raised by their opponents either. 

We come now to welding proper, in which the thermit is not 
used to furnish a cementing material, but only to act as a carrier 
of heat. Greater success appears to have been achieved in this 
direction than one might expect. The alumina is not poured 
away in this case, but surrounds the outer surfaces, so as to pre- 
vent the iron lump from fusing on to the work under treatment. 
Test bars welded with thermit gave a strength of 36.8 kilo- 
grammes, against 35.8 kilogrammes per square millimeter before 
treatment, and an elongation of 11.5 per cent. against 15 per 
cent. previously. The tensile strength was thus impaired, but 
the fracture occurred some distance from the weld. Tubes, 
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which have been welded endways, have stood a pressure of 400 
atmospheres, finally splitting lengthways when hammered or 
bent, but not breaking at the joints. This is a very noteworthy 
achievement, considering that only the edges of the tubes are in 
contact. Flanged tubes of this type would not have stood more 
than 200 atmospheres, it is asserted. 

The welding operation requires a special two-part clamp to 
hold the tubes in straight alignment, and to support the mold 
for the liquid metal. This mold is either a ring-shaped casing 
encircling the joint or simply a box, open above, built up of sheet 
iron, which, for a pipe 2 inches in internal diameter, with a shell 
0.16 inch thick, would have a length of 3 inches. Not to con- 
centrate the heat below, the bottom of the box is brought a little 
nearer to the pipe than are the sides. The sheet metal of the box 
has a thickness of +, inch ; outside it is packed with wet sand. 
The walls of the box need not make a good fit; a sheet or two 
of paper will prevent the metal from squirting out into the sand. 
When pouring the thermit in, care is taken that the jet does not 
directly fall upon the pipes to be joined, but rather hits the walls 
of the box. Thermit P is used in this case, and about 3 pounds 
of it will be required. The melting of this mass will not occupy 
more than two or three minutes, and the reaction proceeds so 
rapidly that the crucible hardly appears to get hot. The molten 
alumina, coming first in contact with the cold pipe, forms a crust 
on it which prevents union between the molten iron and the 
tube. The iron box is protected in the same way, so that the 
box can easily be removed afterwards. The operation will require 
some skill, we should think. Looking through the tube, the 
gradual heating of the inner wall can be watched; welding tem- 
perature would, in this instance, be reached within about 14 
minutes, and the clamp bolts are then tightened. A few minutes 
afterwards the iron lump will have hardened sufficiently to be 
knocked off. This should be done without delay. The weld 
will not want any finishing. 

The firm states that such a weld would, on average, cost from 
2s. 6d to 4s., including cost of materials, crucible and wages; 
one man can see to small welds by himself. As to crucibles, 
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common Hessian or graphite crucibles will not do. The Essen 
Works have succeeded in preparing iron and clay crucibles, 
lined with magnesite and corundum, these crucibles are said to 
stand several castings. They must always be emptied com- 
pletely, however, as any lump of iron remaining in the crucible 
would retard the fusion of fresh material. This is an additional 
reason why the quantity of thermit should be calculated and 
measured with a fair amount of accuracy. For 6-inch pipes (in- 
ternal diameter), for instance, with a shell } inch thick, 15 pounds 
or 18 pounds of thermit P are required. This thermit is a dark- 
brown powder, which is neither corrosive nor inflammable, and 
not more dangerous, under ordinary circumstances, than the coal 
which it replaces. The primer powder is, of course, inflammable, 
but it is indifferent to blows, as special experiments prove, and 
does not undergo spontaneous ignition. Both powders lose 
their efficacy when wet; the humidity of the atmosphere does 
not spoil them, however. Yet the boxes should be kept dry and 
in a safe place.—“ Engineering.” 





THE NEW 750-FOOT DRYDOCK OF THE SAN FRANCISCO DRYDOCK CO., 
AT HUNTERS POINT, CAL, 

A notable addition to the drydock facilities of the Pacific 
coast is planned by the San Francisco Drydock Co. at its yards 
at Hunters Point, San Francisco, Cal. The new dock for which 
plans have been prepared and the bids for construction asked 
will be 750 feet long, 122 feet wide at the coping, and 74 feet 
wide at the bottom, and will have a depth at the entrance of 
32% feet below the coping and 28 feet below high-water level. 
As will be observed from these dimensions, the dock will be one 
of the largest and most commodious in the world. Compared 
with the new masonry drydocks which are to be built by the 
United States Government the corresponding main dimensions 


are as follows: 
_ Government. California. 


Dimensions. ft. ins. ft. ins. 
Kenagths 08: CRI cies ecscsccecebstyecadeveress cegsssineiecenasebaberees > 0s 750 
Width on coping .............s.s000 sgnocneadeoooesoqosnsocaessssencaets 144 6 122 
pS I BE OR HT OMS ei ae 74 


Deptt of Boar Belew Contr, onic cccccsccsveccctecscctevsvsctensssde —"s 35 10 
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The plans for the new Hunters Point dock have been pre- 
pared by Mr. Howard C. Holmes, Chief Engineer, State Harbor 
Commissioners, San Francisco, Cal., and we are indebted to this 
gentleman for the drawings and information from which the 
following description is prepared : 

The new dock is located south of the present dock, with its 
axis veering at an angle of about 14 degrees from the axis of 
the old dock. Like the old dock, it will be excavated in the 
solid rock of the little peninsula which forms the property of 
the company. This rock is green serpentine, impervious to the 
water and easily excavated. This rock is to be excavated to lines 
corresponding closely to the contours of the dock chamber so 
that only a thin lining of concrete is necessary to finish the 
chamber. For the outer end portion of the dock, where the 
bedrock dips under the water surface, the walls must be extended 
to the required height by concrete masonry side walls. These 
concrete side walls are to be anchored to the bedrock by means 
of sections of railway rails used as holding-down bolts and set 
every 10 feet apart. 

Referring particularly to the dock chamber construction, the 
entire chamber will be concrete lined except for the sides of the 
approach, the seat for the caisson and the apron arch, which will 
be of cut granite masonry. There are to be sixteen altars on 
each side of the chamber extending from a point 100 feet from 
the gate seat to a point within 150 feet of the head of the cham- 
ber. The bottom of the chamber will have a timber flooring 
embedded in concrete to support the keelson, bilge ways and 
bilge blocks. 

The concrete side-wall lining begins at a point at least 1 foot 
below the surface of the rock bottom, and is carried up along 
the sides. Molds are to be used to give the proper form and 
dimensions to the lining, and the concrete is to be rammed into 
these molds in 6-inch layers. Between the concrete lining and 
the rock surface there is to be a waterproof coating consisting 
first of a coat of refined asphaltum reduced in benzine and 
sprayed on, and then of two coats of asphaltum applied hot. 
The entire surface of the concrete lining is to be plastered with 
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a }-inch coat of one cement and one sand mortar floated and 
troweled to a hard, smooth surface. All concrete veneers will 
be additionally strengthened against checking with an intersti- 
tial web of expanded metal. 

In building the floor the rock bottom of the dock chamber is 
to be cleaned and recessed for the sill or bilge-way timbers. 
These sills are to be 12 by 12-inch Douglass fir timbers laid 
transversely across the dock 10 feet apart and recessed 6 inches 
into the rock bottom, to which they are to be fastened by 7 feet 
by 14-inch anchor bolts spaced 7 feet apart. Running longitu- 
dinally of the dock between the sills there are to be 6 by 6-inch 
stringers spaced 8 feet apart and toe-spiked flush with the tops 
of the sills. The space between the sills and stringers is to be 
filled flush with concrete. The keelson extending longitudinally 
along the center line of the dock is to consist of four 12 by 12- 
inch. yellow fir timbers screw-bolted together and anchor-bolted 
to the rock bottom. The flooring is to consist of 4 by 12-inch 
yellow fir planking boat spiked to the stringers for the spaces 
between sills and of 4 by 18-inch Port Orford cedar plank or 
bilge ways for the spaces over the sills. These bilge ways 
will be boat spiked to the sills and have iron guides for the 
bilge blocks, which are to be of laurel. On each side of the 
wooden flooring and at the feet of the side walls there will be a 
gutter built of concrete and surfaced like the side walls. Each 
bilge block is provided with an eye bolt, and directly opposite 
in the side walls are pulley blocks, these attachments being pro- 
vided for the rope used in hauling the bilge blocks to one side. 
Belaying pins and locating pins are set into the concrete of the 
curb and the tread of the first steps below. 

The concrete used for the lining is to be composed of 18 
cubic feet broken stone, 4 cubic feet of sand and 1 barrel of Port- 
land cement, and that for the large walls of 20 cubic feet of 
broken stone, 5 cubic feet of sand and 1 barrel of Portland ce- 
ment. The specifications require the mixing to be done as fol- 
lows: 

The crushed rock must first be spread on a wooden platform 
in layers not to exceed 6 inches in thickness ; over this will then 
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be spread first the sand and then the cement, each in its proper 
proportion ; the bed thus formed must be turned with shovels 
three times while dry and once after being wet, but under no cir- 
cumstances will a so-called patent or machine mixer be allowed 
to be used. 

The stone masonry is to be of first-class granite ashlar work. 

The entrance of the dock is closed in the usual manner by a 
steel caisson. This caisson is 104 feet 8;4 inches long, with a 
molded breadth of 22 feet and a depth of 33 feet 9 inches from 
bottom of keel to the under side of the upper deck. Both basic 
and acid open hearth steel will be used with the following general 
physical requirements : 


Phos. Sulph. Tens. Str. Elong. Reduc. 

Character. per cent. per cent. Max. pounds. percent. per cent. 
Basic steel............0... 0.05 0.04 65,000 25 45 
FOE OEE. 60. os sesidccscece 0.07 0.05 70,000 22 40 


The caisson is reversible and is divided into six watertight 
compartments. The dock is filled through the caisson by 
means of thirteen 30-inch gate valves. Sea valves, 6 inches in 
diameter, are provided for flooding the caisson, and it will be 
emptied by a 3,000-gallon centrifugal pump operated by an 
engine and boiler carried on the caisson. The usual air ports, 
scuppers, capstans and other appurtenances are provided. 

The power plant consists of a boiler and engine house built 
of brick, and respectively 40 by go feet and 50 by 60 feet in 
plan. The boiler room has plastered walls and a concrete floor, 
and the engine room has walls, floor, ceiling and roof timbers of 
Oregon pine with natural wood finish. Along one front of the 
boiler house there is a row of coal bunkers. 

Boilers —There are to be seven water-tube boilers ; six of 200 
H.P. each, set in three batteries of two each, and one 75 H.P., 
one feed-water heater, two duplex feed pumps. Each boiler to 
be not less than 200 nominal horsepower (one horsepower equals 
30 pounds of water evaporated from 60 degrees Fahrenheit to 
steam at 70 pounds pressure) and to have not less than 2,000 
square feet of heating surface (1,800 square feet to be in tubes 
between headers) and 40 square feet of grate surface. They are 
to be of the inclined straight water-tube type. 
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Engines —There will be three 24 by 48-inch horizontal box 
frame, heavy duty, Corliss engines, to run at 70 revolutions per 
minute and develop 345 H.P. at } cut-off at 100 pounds steam 
pressure. Each engine will be connected to pump with a special 
laid endless rope 1} inches in diameter. Fly-wheels shall be 
made in sections. 

Pumps.—The main pumps, three in number, will be centrifugal 
double-suction, each having a 38-inch discharge and 26 inch 
suction pipes. The runners are to be 60 inches closed, and of 
three-vane type, operating at a speed of 200 revolutions a minute. 
Each pump must have a capacity of 37,000 gallons per minute 
while pumping against a head varying from o to 30 feet. 
There will be placed in the pump pit a duplex, double-acting 
steam piston pump 12 inches in diameter. This pump will have 
a capacity of 1,200 gallons per minute under a 40-foot head. 
The drainage pump will be properly connected with the 75-HP. 
water-tube boiler. 

Pump Pit—The pump pit will be located where shown on 
plan. It will be 18 feet wide, 56 feet long, and 37 feet deep, all 
inside measurements. The floor will be supported on an arch of 
concrete 2 feet 3 inches in thickness, and will have in addition 
twelve 20-inch I-beams, 64 pounds to the foot, for supporting 
pumps. The sides of the pit will be of concrete 12 inches in 
thickness. The ropeways will be of the dimensions shown, with 
concrete sides 9 inches in thickness and bottom of same 6 inches 
thick. The sides of pit and ropeways to be plastered with equal 
parts of sand and cement, trowled and floated to a smooth and 
even surface. The sides of walls to be attached to original rock, 
and all spaces to be filled with concrete. 

The interior of pump pit and ropeways,.when thoroughly and 
completely dry, to be painted four coats with pure white lead 
and boiled linseed oil. The gate valves will be placed on each 
side of the pump pit in the suction tunnel where shown on plan. 
—‘ Engineering News.” 





A 150-HORSEPOWER THREE-STAGE COMPRESSOR. 
A 150-horsepower compressor, designed to compress car- 
bonic-acid gas to a pressure of 1,200 pounds per square inch, 
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has just been built by the McKiernan Drill Company, of New 
York City, from the plans of Mr. Charles H. Sergeant, its 
engineer. The machine is a horizontal steam-driven three-stage 
compressor and posesses a number of interesting features. 
Among these may be mentioned, in brief, a means of carrying 
leakage from the intermediate and high-pressure cylinders to 
the inlet of the low-pressure cylinder, a ready means for examin- 
ing the second intercooler, if desired, a joint arranged to hold 
its packing fast, and accessible valves and cylinder heads. The 
cylinders, heads, and first and second intercoolers are, of course, 
water-jacketed, and caps or plates are provided for removing any 
sediment in the parts. As a straight-line machine for this 
pressure, it is certainly a very large one. 

The steam cylinder is 22 inches in diameter, with 24-inch 
stroke, and it is designed to develop full power with steam at 60 
pounds pressure and a speed of 70 revolutions per minute. The 
steam chest is above the cylinder, a double-slide valve is used, 
driven from two independent eccentrics, and speed regulation is 
by fly-ball governor. The three air cylinders are arranged in 
line, the low-pressure, which is double acting, next to the steam 
cylinder, and the intermediate and high-pressure cylinders, both 
of which are of the single-acting type, beyond, with their abut- 
ting ends connected together. The air cylinders are 16, 11 and 
44 inches, respectively, in diameter. The compression valves 
are of the poppet type and are arranged to fall naturally to their 
seats. 

The first intercooler is of the type employing a number of 
small tubes through which the air is passed, the working pres- 
sure of 75 pounds above the atmosphere admitting of this usual 
construction. In the, second intercooler a comparatively long, 
single 5-inch pipe is used, the slow passage of air through it 
providing for the cooling. The pipe is enclosed in the water- 
cooling chamber. 

The high-pressure connections required in these cases are 
fitted with asbestos packing rings which are pressed between 
the flange and the casting on which it is seated. The rings lie 
in an annular cut in the casting and are held on the outside by 
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the casting and on the inside by the projection of the flange, 
this being continued at reduced diameter to slip within the 
opening to be connected. As was mentioned, the intermediate 
and high-pressure cylinders are connected together, and at this 
point, the leakage pipe is taken to the low-pressure cylinder, 
catching the air which may leak by the intermediate and high- 
pressure piston rings. 

A short test of the machine was made with steam supplied 
from a 25-horsepower boiler equipped with an automatic pow- 
dered-coal burning apparatus, and generating steam at 75 pounds 
pressure. The discharge of the compressor was led into a 5- 
inch, double-extra-strong pipe, 10 feet 6 inches long, in which 
the air was brought to a pressure of 1,500 pounds in about 4 to 
5 minutes, with the machine working at an average rate of 40 
revolutions per minute.—“ Engineering Record.” 





THE NAVAL ARCHITECTS AND MARINE ENGINEERS. 


The eighth annual meeting of the Society of Naval Architects 
and Marine Engineers, which was held in New York City, No- 
vember 15 and 16, was one of unusual interest. One evidence 
of the estimation in which the proceedings of this society are 
held abroad was in the presence at the meetings of Lieutenant 
Commander De Faranaud, of the French Navy; Lieutenant 
Commander Von Rebeur Paschwitz, of the German Navy ; 
Captain Stohensnovitch, Imperial Russian Navy ; Captain Beher, 
Imperial Russian Navy, and Naval Constructors Tehernigvosky 
and Makedonsky, Imperial Russian Navy. 

President Clement A. Griscom opened the meeting with an 
address, dwelling on the money now being expended upon naval 
construction in this country, the improvements in design and 
construction and the increased interest in naval matters. F. 
Merriam Wheeler read a paper describing a capacity test of an 
air pump used in connection with surface condensers. A paper 
by W. D. Forbes was on “The Interchangeability of Units 
for Marine Work.” Duplicate or interchangeable parts being 
concededly so valuable, it was argued that the principle could be 
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advantageously extended to embrace larger units or complete 
apparatus. Naval Constructor Taylor’s paper described the 
United States experimental model tank. Professor A. H. Sabin 
read a paper on “ The Composition and Classification of Paints 
and Varnishes ;” Naval Constructor Woodward described “ Tests ° 
of the Electric Plants of the Battleships Kearsarge and Ken- 
tucky ;” and Spencer Miller told of “The Coaling of the 
Massachusetts at Sea.” 

The morning session of the second day of the meeting was 
presided over by Charles H. Cramp, and two important papers 
were attentively listened to. Assistant Naval Constructor H. S. 
Gilmor described “ Recent Improvements in Foreign Shipbuild- 
ing Plants,” and George N. Dickie discussed the question “ Can 
the American Shipbuilder Compete with the British and German 
Shipbuilders in the Production of the Largest Class of Ocean 
Passenger and Freight Steamships ?” Among other things Mr. 
Dickie said : 

“T have lately had to discuss with the chief surveyor at Lloyds’ 
certain departures, that we considered slight and in the line of 
improvement, from the rules as applied to two large freight 
twin-screw steamers we are now building. I have found that 
the skill of the experts at Lloyds’, and the careful study of every 
proposition made to them, not only protects all parties, but in- 
sures a steady forward movement. I believe, however, that an 
American register of shipping that would be accepted by the 
shipowner and by the underwriters the world over, would be a 
great help to the American shipbuilder, as it would no doubt 
lend itself more readily to the tendencies of American design. 
This would bring about a closer adaptation of the material used 
to its place and function in the complete design. In this the 
steel manufacturer will likely take a share. 

“ Weare on this point now abreast of the British builder, and, 
in methods of handling, ahead of most of them. In skill, I think 
the American naval architect is quite abreast of his British 
cousin, and, if he has plenty of practice, there need be no fear of 
keeping him in that position.” 
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On the relative cost of labor in American and British ship- 
yards, Mr. Dickie said: 

“From combining what information I have been able to gather 
I find that on an average the steel work of construction costs in 
the British yards from £3 17s.to 44 per ton of material worked. 
This, I think, we can about equal in labor cost here. We em- 
ploy the same class of men as they do. Our total labor cost is 
about 25 per cent. greater than theirs. As to what we may be 
able to do in regard to equalizing the cost of labor, I do not 
think it will be brought about by any attempt to equalize the 
rate of wages paid throughout the shipbuilding world.” 

“T find that the marine engine and its boilers cost less in pro- 
portion to the hull in England than they do with us. On the 
whole, I think the British builder has an advantage over the 
American builder in the cost of material. This applies even to 
the wood used. As near as I can judge at the present time, 
there is 10 per cent in cost of material in favor of the British 
shipbuilders.” 

The following papers presented at the afternoon session we 
can give only the titles of: “ Recent Designs of Battleships and 
Cruisers of the United States Navy,” by Chief Constructor 
Philip Hichborn ; “ A Comparison of the Contract Prices of Our 
Naval Vessels,” by Harrison S. Taft; “‘ Launch of a Cruiser,” 
by James Dickie; ‘‘ The Safety of Torpedo Boats at Sea and in 
Action Under Various Conditions,” by Naval Constructor Lloyd 
Bankson, and “‘ Classification of Rules,” by Theodore Lucas. 

The meeting closed with a banquet at Delmonico’s, at which 
about 150 members were present.—“American Machinist.” 





A SPEED TEST OF A WOOD AND IRON PULLEY. 


A pulley with iron center or spider and wooden rim, 46} 
inches diameter and 16 inches face, was recently ordered by the 
Crocker-Wheeler Electric Co., of Newark, N. J., to be fitted to a 
4-inch shaft, and it was required that it should be tested to a rim 
speed of 9,000 feet per minute, that being the service speed of 
the pulley. The order was placed with the Dodge Mfg. Co., of 
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Mishawaka, Ind., and that company concluded, not only to make 
the required test, but to test a duplicate pulley by running it at 
very much higher speeds, and, if possible, to the point of burst- 
ing. The rims of the two pulleys were made from the same 
lumber, and the iron spiders were molded on the same day and 
cast from the same ladle. The service pulley was tested to a 
rim speed of 10,000 feet and shipped to the purchasers. 

The plant for driving the test pulley was then installed in an 
unused room, connection being made with a line shaft, and 
barricades erected to prevent any accidents from the bursting of 
the pulley. Connection was made with the main engine by rope 
transmission from the main jack shaft to a line shaft on which 
was a 60-inch pulley bolted to a 14-inch all-wood pulley on the 
countershaft. This countershaft carried a 48-inch wooden pul- 
ley bolted to a 16-inch pulley of the same construction and 
mounted on the same mandrel as the test pulley. The test was 
made during the dinner hour, when the engine could be run at 
varying speeds. It was started slowly and gradually increased 
to its maximum speed of 75 revolutions per minute, giving the 
line shaft 200 and the countershaft 857 revolutions. 

Readings were taken from the test pulley until the engine 
reached its maximum speed, which would theoretically have 
given the pulley a speed of 2,571 revolutions. 

The readings, however, indicated a loss of about five per cent. 
in the transmission, the actual speed being a little over 2,400 
revolutions per minute. This gave a rim speed of 29,228 feet, 
or over 54 miles per minute. There was no perceptible weak- 
ening of the pulley after this test, but it is proposed to make 
arrangements for higher speeds in order to ascertain the burst- 
ing speed. Such a speed as above noted, however, is far be- 
yond what is practicable with ordinary cast-iron pulleys of the 
same size. 

It may be noted that the tensile stress per square inch of cross 
section of the rim at the above-named speed would be about 
1,700 pounds, assuming the wood to weigh 37.5 pounds per 
foot, and this is so far inside the breaking strength of sound 
wood that bursting could hardly have been expected at this 
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speed. A cast-iron pulley of this diameter, run at such a speed, 
would have a rim tension of about 20,500 pounds per square 
inch, and would be apt to give way before reaching such a speed 
on account of the bending of the rim, due to the action of the 
pulley arms when the rim stretches under the tension due to high 
speed. The reason why wooden-rim pulleys can run at so much 
higher speed than cast iron is their small weight and their elas- 
ticity, which enables them to yield without injury to the bending 
stresses which occur at high speed.—“ Engineering.” 





NOMENCLATURE OF ELECTRICAL APPARATUS. 


According to the direction of the energy transmitted, electric 
machines have been divided into generators and motors. By 
the character of the electric power, they have been distinguished 
as direct-current and as alternating-current apparatus. 

With the advance of electrical engineering, however, these 
subdivisions have become unsatisfactory and insufficient. 

The division into generators and motors is not based on any 
characteristic feature of the apparatus, and thus is not rational. 
Practically any electric generator can be used as a motor, and 
inversely, and frequently one and the same machine is used for 
either purpose. Where a difference is made in the construction 
it is either only quantitative, as, for instance, in synchronous 
motors a higher armature reaction is used than in synchronous 
generators ; or it is in minor features, as continuous - current 
motors usually have only one field winding, either shunt or 
series, while in generators frequently a compound field is em- 
ployed. Furthermore, apparatus have been introduced which 
are neither motors nor generators, such as the synchronous ma- 
chine producing wattless lagging or leading currents, etc., and 
the different types of converters. 

The subdivision into continuous-current and alternating-cur- 
rent apparatus is unsatisfactory, since it includes in the same 
class apparatus of entirely different character, such as the induc- 
tion motor and the alternating-current generator, or the con- 
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stant-potential commutating machine, and the rectifying arc- 
light machine. 

The following classification, based on the characteristics fea- 
tures of the apparatus, has been adopted by the A. I. E. E. stand- 
ardizing committee in its report. It refers only to the apparatus 
transforming between electric and electric, and between electric 
and mechanical power : 

1st. Commutating Machines, consisting of a uni-directional 
magnetic field and a closed-coil armature, connected with a mul- 
tisegmental commuiator. 

2d. Synchronous Machines, consisting of a uni-directional mag- 
netic field and an armature revolving relatively to the magnetic 
field at a velocity synchronous with the frequency of the alter- 
nating-current circuit connected thereto. 

3d. Rectifying Apparatus, that is, apparatus reversing the 
direction of an alternating current synchronously with the fre- 
quency. 

4th. Jnduction Machines, consisting of an alternating magnetic 
circuit or circuits interlinked with two electric circuits or sets of 
circuits, moving with regard to each other. 

5th. Stationary Induction Apparatus, consisting of a magnetic 
circuit interlinked with one or more electric circuits. 

6th. Electrostatic and Electrolytic Apparatus, as condensers and 
polarization cells. 

Apparatus changing from one to a different form of electric 
energy have been defined as: 

A— Transformers, when using magnetism, and as 

B— Converters, when using mechanical momentum as inter- 
mediary form of energy. 

The transformers, as a rule, are stationary; the converters, 
rotary apparatus. Not included under converters are motor 
generators transforming from electrical over mechanical to 
electric power by two separate machines, and dynamotors, in 
which these two machines are combined in the same structure. 

1. Commutating Machines as Generators are usually built to 
produce constant potential for railway, incandescent lighting and 
general distribution. Only rarely are they designed for ap- 
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proximately constant power for electro-metallurgical work, or 
approximately constant current for series incandescent or arc 
lighting. As Motors commutating machines give approximately 
constant speed—shunt motors—or large starting torque-series 
motors. 

When inserted in series in a circuit and controlled so as to 
give an e. m. f. varying with the conditions of load on the 
system, these machines are Boosters, and are generators when 
raising the voltage, and motors when lowering it. 

Commutating machines may be used as Continuous-Current 
Converters by transforming power from one side to the other 
side of a three-wire system. 

2 While in commutating machines the magnetic field is al- 
most always stationary and the armature rotating, Synchronous 
Machines are built with stationary field and revolving armature, 
or with stationary armature and revolving field, or as inductor 
machines with stationary armature and stationary field winding, 
but revolving magnetic circuit. 

According to the number and character of the alternating cir- 
cuits connected to them, they are single-phase or polyphase ma- 
chines. As Generators they comprise practically all single-phase 
and polyphase alternating-current generators; as Motors, a very 
important class of apparatus, the Syuchronous Motors, which are 
usually preferred for large powers, especially where frequent 
starting and considerable starting torque are not needed. Syn- 
chronous machines may be used as Compensators to produce 
wattless currents, leading by over excitation, lagging by under- 
excitation, or may be used as Phase Converters by operating a 
polyphase synchronous motor by one pair of terminals from a 
single-phase circuit. The most important class of converters, 
however, are the synchronous commutating machines. 

Synchronous Commutating Machines contain a uni-directional 
magnetic field and a closed-circuit armature connected simulta- 
neously to a segmental continuous-current commutator and by 
collector rings to an alternating circuit, mostly a polyphase sys- 
tem. These machines thus can either receive alternating and 
yield continuous-current power as synchronous converters, or 
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simply “Converters,” or receive continuous and yield alternating- 
current power as /uverted Converters, or driven by mechanical 
power yield alternating and continuous current as Double Current 
Generators. Or, they can combine motor and generator action 
with their converter action. Thus a common combination is a 
synchronous converter supplying a certain amount of mechanical 
power as synchronous motor. 

3. Rectifying Machines are apparatus which by a synchro- 
nously-revolving rectifying commutator send the successive 
half-waves of an alternating single-phase or polyphase circuit in 
the same direction into the receiving circuit. The most import- 
ant class of such apparatus are the Open- Coil Arc-Light Machines, 
which generate the rectified e. m. f. at approximately constant 
current, in a star-connected three-phase armature in the Thom- 
son-Houston, as quarter-phase e. m. f. in the Brush arc-light 
machine. 

4. Induction Machines are generally used as Motors, poly- 
phase or single-phase. In this case they run at practically con- 
stant speed, slowing down slightly with increasing load. As 
Generators the frequency of the e. m. f. supplied by them differs 
from and is lower than the frequency of rotation, but their oper- 
ation depends upon the phase relation of the external circuit. 
As Phase Converters‘induction machines can be used in the same 
manner as synchronous machines. Their most important use 
besides as motors is, however, as Frequency Converters, by chang- 
ing from an impressed primary polyphase system to a secondary 
polyphase system of different frequency. In this case, when 
lowering the frequency, mechanical energy is also produced; 
when raising the frequency, mechanical energy is consumed. 

5. The most important Stationary Induction Apparatus is the 
Transformer, consisting of two electric circuits interlinked with 
the same magnetic circuit. When using the same, or a part of - 
the same electric circuit for primary and secondary, the trans- 
former is called a Compensator or Auto-transformer. When in- 
serted in series into an alternating circuit and arranged to vary 
the e. m. f, the transformer is called Fotential Regulator or 
booster. The variation of secondary e. m. f. may be secured by 
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varying the relative number of primary and secondary turns, or 
by varying the mutual induction between primary and secondary 
circuit, either electrically or magnetically. The stationary in- 
duction apparatus with one electric circuit are used for produc- 
ing wattless lagging currents as Reactive or Choking Cotls. 

6. Condensers and Polarization Cells produce wattless leading 
currents, the latter, however, at a very low efficiency, while the 
efficiency of the condenser is extremely high, frequently above 
99 per cent; that is, the loss of energy is less than I per cent. of 
the apparent volt-ampere input. 

To this classification may be added the Uxi-polar, or more 
correctly, Non-polar machine, in which a conductor cuts a mag- 
netic field at a uniform rate. Thus far these machines do not 
appear of any practical value. 

Regarding apparatus transforming between electric energy and 
forms of energy differing from electric or mechanical energy, the 
transformation between electrical and chemical energy is repre- 
sented by the primary and secondary battery and the electrolytic 
cell, the transformation between electrical and heat energy by 
the thermophile, and the electric heater or electric furnace and 
the transformation between electrical and light energy by the 
incandescent and arc lamps.—CHARLES P. STEINMETZ, in the 
“ Electrical World and Engineer.” 





ACCIDENT ON THE GAR/BALDI. 


A rupture of tubes occurred in two boilers on board of the 
Italian armored cruiser Garibaldi while on her trial trip July 
the 12th, causing the death of one coal passer and a severe in- 
jury of two firemen. The Garibaldi has two engines of 13,500 
I.H.P., aggregate, that receive their steam from twenty-four 
Niclausse boilers each of 12 elements. 

The start was made with steam in the twelve forward boilers, 
while the twelve aft boilers were gotten ready for steam. It was 
the intention to make the trial progressive, with steam pressure 
increasing until the maximum power should be reached. One 
and a half hours after leaving her anchorage, and while the en- 
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gines were running about 60 revolutions per minute, the aft 
boilers were connected to the forward boilers that were nearest 
to the engine, and with these the trial was begun. One quarter 
hour later an explosion took place in boiler No. 16, by which 
two firemen were severely burned. Luckily the fire doors were 
closed so that the steam could escape through the ashpit, by 
which circumstance further calamities were prevented. When 
access could be obtained, the aft boilers were shut off, com- 
mencing at aft, and the fires extinguished. Twenty minutes 
after the above-mentioned explosion there followed a second 
explosion, in boiler No. 13, causing the death of one coal passer. 

At the subsequent examination there was found one tube rup- 
tured in each boiler. It also could be seen from the fire doors 
that the tubes were bent from four to five inches downwards, 
wherefore it became necessary to take seven rows of tubes out 
of each of the twelve elements, since they were all bent or in- 
jured. The tubes had to be hammered out of their conical 
sides, as is usual in other cases in service, while in new boilers 
they fall out themselves. It was found that insufficient water 
height caused the explosion. After replacing the two injured 
boilers the Garibaldi will again take up her trial. “ Mitt. Geb. 
Seew.,” Oct. 26, 1900, 934. 





FRENCH NAVAL CONSTRUCTION FOR 1901. 


The French ship building program for the year 1901 has 
just been issued. The names of no less than 111 vessels are 
included in this statement, but thirteen of these are to be com- 
pleted during the present year, including the /éza, a 12,000-ton 
battleship, and the submarines Farfadet and Algérien. During 
the year the battleships Henri /V, 9,000 tons, and Suffren, 12,000 
tons, the armored cruisers Jeanne d’Arc and Montcalm, and the 
first-class cruiser Jurien de la Graviére, will be added to the French 
navy, as well as the three destroyers Pertuisane, Escopette and 
Flamberge. Five submarines—the Siréne, Triton, Korrigan, 
Gnome and Lutin—will also be completed, besides seven sea- 
going torpedo boats, and twelve smaller boats. The battleship 
Henri IV is building at Cherbourg, and is to be finished by April 
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1; the Suffren, at Brest, is to be ready by May 1. Two new bat- 
tleships, known at present as the A8 and Azo, laid down under 
the act for the development of the fleet, are to be of a new type. 
They will have a displacement of 14,865 tons, 14,475 H. P., 18 
knots speed and 8,390 miles radius of action when steaming at 
10 knots. Their armament will include four heavy guns, 
eighteen guns of medium caliber and twenty-eight smaller pieces, 
with five torpedo tubes. The estimated cost of each is 35,500,000 
francs. These ships, it will be noticed, correspond very nearly 
to the British Formidable type. 

Of armored cruisers France has in all fourteen under con- 
struction, divided into five different types. Of these the Jeanne 
a’ Arc, to be completed towards the end of 1901, is the only vessel 
of her class. She has a displacement of 11,270 tons, and will 
cost nearly 17,000,000 francs. This vessel, it will be observed, 
is a little smaller than the English Cvessy class, but is to have 
two knots extra speed, 23 knots, as compared with the 21 knots ' 
of the English ships. Three other armored cruisers—the Du- 
petit Thouars, Gueydon and Montcalm—have a displacement of 
9,517 tons. They are being constructed at Toulon, Lorient and 
La Seyne respectively. The speed of this class is to be 21 
knots. After these come five cruisers of 10,014 tons—the Condé, 
Gloire, La Marseillaise, Sully and Amiral Aube. The two first 
are building at Lorient, the third at Brest and the other two at 
Seyne and Saint Nazaire, respectively. There are also three 
armored cruisers of 7,700 tons, specially designed for service in 
foreign waters. The twelve cruisers above mentioned were laid 
down before the close of the year 1899. In 1900 two vessels of 
a new type were commenced, the /Ju/es Ferry and the Léon Gam- 
betta, the former at Cherbourg, and the latter at Brest. They 
are to be of 12,550 tons displacement, of 27,500 H.P. and 22 
knots speed. Lastly, an armored cruiser, known as C7}, simi- 
lar to the Jules Ferry, will be commenced at Toulon during the 
coming year. With regard to protected cruisers, since it has 
been decided to discontinue building this type of vessel, there 
is but one under construction, the /urien de la Graviére, now 
building at Lorient. She is to be completed by October 1. 
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A distinctive feature of the new French program is the entire 
absence of torpedo boats, either of the seagoing or harbor type, 
these having been given up in favor of the destroyers, which it 
is said ‘can keep the sea better and act more advantageously 
as scouts.” Thus there remain under construction only the 
seven seagoing torpedo boats previously mentioned, and these 
will be completed in 1901. On the other hand, the building of 
destroyers will be pushed on energetically, fourteen being in 
hand, while ten others are to be laid down. These will be 
divided between the government and private yards. Much in- 
terest naturally centers in the construction of submarines. Al- 
together seventeen such vessels are provided for. Two of these, 
as has already been mentioned, are to be completed in 1900. 
The 7riton and Siréne, building at Cherbourg, which were de- 
layed in construction, pending the completion of the trials of 
the Narval, have lately been pushed forward. Two new sub- 
marines of the submersible type—the Sz/ure and Espadon—have 
been commenced at Cherbourg during the current year. During 
1901, eight others will be put in hand, six at Toulon and two at 
Cherbourg. The complete flotilla of submarines, as at present 
arranged, will therefore consist of twenty-two vessels, of which 
seven will be completed in 1900, the same number in 1901, five 
in 1962, and three in 1903.—“‘ Marine Review.” 





TWENTY-FOOT BOILER TUBES FOR LOCOMOTIVES. 


For several years there has been a tendency toward lengthen- 
ing locomotive boiler tubes, and it seems likely to receive con- 
siderable impetus through the influence of wider fire boxes for 
bituminous coal. The tendency is not only to use longer tubes, 
but to increase the ratio of length to diameter, and one motive- 
power officer writes that he has changed the tubes in a mogul 
engine from 2 inches to 1? inches without changing the length, 
which was 12 feet 6 inches, and has “ done wonders with them.” 
He is also using 2}-inch tubes, 16 feet long, and has no fear of 
them. 

Sixteen feet is common enough now to cause no comment 
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when this dimension appears in a new engine. Mr. S. M. Vau- 
clain advocates 2-inch tubes 20 feet long, and at the present time 
a length of Ig feet has been adopted in a new design for fast pas- 
senger service, the diameter in this case being 2} inches. We 
think that there are enough straws to indicate which way this 
wind is blowing. The wide fire box has raised the question of 
the length of tubes, because of its effect upon wheel arrange- 
ments. The desire to use long tubes is increased by the neces- 
sity of getting large wheels in front of the mud ring. 

The relation between the length and diameter is most impor- 
tant, and it is to this that special attention should be directed. 
The length should not be increased without consideration of this 
ratio, and there are good reasons for believing that an increase 
in the prevailing ratio is desirable. 

In European (Continental) practice the ratio has been 60 for 
express engines, it has been about 75 in English practice, and 
from 70 to 80 in American, although Mr. G. R. Henderson has 
suggested the limits of 70 and go. 

The Pennsylvania Class E1 locomotive was designed with 
a view of using a ratio of go, although 86 was finally employed. 
This shows the tendency towards increasing the ratio and a new 
design, for which drawings are now completed, will use 19 feet 
tubes with a ratio of 100. In Russia 2-inch tubes are in use 
with a ratio of 108, the length being 18 feet t inch, and if Mr. 
Vauclain should put his idea into practice we shall have a ratio 
of 120 with 2-inch tubes 20 feet long. 

The famous experiments of M. Henri, chief engineer of the 
Paris, Lyons and Mediterranean (“American Engineer,” August, 
1890, page 337), and the opinion based upon them has unques- 
tionably influenced locomotive practice in confining tube lengths 
in general practice between 123 and 14 feet. These tests showed 
a gain of 7 per cent. in evaporation by an increase from 13 to 16 
feet in length without changing the diameter and tubes; 23 feet 
long gave 30 per cent. more evaporation than those of 10 feet. 
The 23-foot tubes, however, increased the draft resistance. These 
tests, however, used drafts of 1 to 2.95 inches, and drafts of 14 
or 16 inches, such as occur in American practice, might change 

68 
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the conclusions entirely. M. Henri used 78 pounds of coal per 
square foot per hour as a maximum rate of combustion. When 
250 or 300 pounds are burned per hour the velocity of the gases 
in the tubes is vastly greater, and therefore these experiments 
now seem to point toward the desirability of much longer tubes 
in this country, at least that is the view taken by several well- 
known men. 

Increased friction and reduced draft effect will undoubtedly re- 
sult from increased lengths of tubes, but we believe that there is 
much more to be gained in the greater heat absorption than will 
be lost in these ways. Two different tubes with the same ratio 
of length to diameter will give the same efficiency for the same 
velocity of the gases, and the long tube may be made larger if 
necessary. Even if it causes a slight sacrifice in amount of heat- 
ing surface it is possible that the greater length will be more 
advantageous than slightly more heating surface in shorter tubes. 
To determine this positively a very difficult test must be made. 

The influence of velocity of the gases has been referred to 
before in these columns in connection with Wohler’s mathe- 
matical analysis of Henri’s experiments. The velocity of the 
gas current affects the action between the gas and the heating 
surface as does the temperature. The period of contact of the 
molecules varies inversely as the velocity of the current. Wohler 
has worked out a table (Bulletin of the International Railway 
Congress, June, 1899, page 820) to show his idea of the proper 
ratio of length to diameter required to obtain different degrees 
of efficiency when the velocity of the gases varies from 5 to 20 
feet per second. These figures call for a ratio of 100 when 
ordinary efficiency is expected and of 130 as a maximum when 
the velocity is 20 feet per second. It is our opinion that in recent 
practice the velocities greatly exceed 20 feet per second. The 
higher the velocity the longer the tubes should be, and for loco- 
motives with high rates of combustion there is good reason to 
believe that the tubes cannot be too long within the limits im- 
posed by restrictions of weight and space. 

M. Henri proved that with light drafts 23-foot tubes gave an 
advantage of 12 per cent. over 13-foot tubes in water evapora- 
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tion per pound ofcoal. We may yet come to the 23-foot tubes, but 
before this point is reached the Serve tube should come up for 
consideration. For a given diameter Serve tubes have a heat- 
absorbing surface 75 per cent. greater than that of ordinary 
tubes, but they are expensive. 

There seems to be but one anxiety in the use of long tubes, 
that concerning the expansion and contraction and its effect upon 
leakage at the tube sheets. This fear may prove to be without 
foundation, but if not, there is a simple remedy in cambering the 
tubes by giving them a slight bend before being placed in the 
boiler. Cambering has been practiced for five years on the Cal- 
edonian Railway of Scotland, and we are informed by Mr. J. F. 
McIntosh, locomotive superintendent of that road, that it was 
inaugurated for the purpose of relieving the tube sheets from 
these effects, and also to increase the resistance of tubes to bend- 
ing by their own weight and thereby lessen the injurious effects 
of vibration in producing leakage at the tube ends. In the opin- 
ion of Mr. McIntosh, when the tubes are cambered they are more 
flexible longitudinally, and, therefore, yield more freely to the 
expansion and contraction, and reduce the stresses at the tube 
sheets. The tubes are generally cambered by the manufacturers, 
but this has been satisfactorily done in the shops of the Caledo- 
nian in a screw press.—“ American Engineer and Railroad 
Journal.” 





THE PRODUCTION OF MANGANESE. 


The demand for manganese in recent years in connection with 
the manufacture of Bessemer and open-hearth steel has had the 
natural effect of attracting capital to ore deposits in many parts 
of the world. As it happens, this element is tolerably wide- 
spread in its occurence, and there is no reason to apprehend any 
failure in the supplies for many generations to come. Former- 
ly the world’s supplies were mostly derived—and in relatively 
small quantities, too, because of the limited demand then exist- 
ing—from Spain and from certain districts in Thuringia, North 
Hesse and Moravia. But now, Spain is a poor second to 
Russia as a source of supply, and Germany ranks among the 
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insignificant producers. Itis estimated that the aggregate out- 
put for last year was about 800,000 tons of ore, of which 369,000 
tons came from Russia, 140,000 tons from Spain and Portugal, 
77,000 tons from India, 62,000 tons from Brazil, 59,000 tons 
from Germany, and the balance from minor sources. In the 
immediate future the main dependence will continue to be upon 
Russia, which is capable of progress even more marked than 
that of the last few years. Poti is the chief shipping port, but a 
few thousand tons are sent away annually by way of Batoum. 
In 1898 the exports from these two places, including about 
30,000 tons shipped to other parts of: Russia, were 282,316 tons, 
which compares with 215,263 tons for 1897. Some portion of 
the increase of 153,737 tons in two years is referable to better 
and cheaper means of transport, more especially between the 
stations of Tchiaturi and Sharopan. But for the inadequate 
harbor accommodation at Poti, more than 400,000 tons might 
have been sent abroad last year. As it is,there is only a very 
limited space for shipping at that port, and the conveyance of 
the manganese by lighters to steamers in the roadstead is a rather 
costly and very slow process. 

In his last report, Mr. Consul Stevens suggested that the ex- 
isting unsatisfactory state of affairs would be considerably im- 
proved if a reduction were made by the State railway authorities 
in favor of the transport of ore to Batoum, where greater facilities 
in the shape of harbor accommodation exist, and in consequence 
of which vessels would charge a lower rate of freight for the 
conveyance of the ore by sea. The existing disability causes 
production to be not over profitable for the producers, who do 
not appear to be able to reap the benefit of an advance in price 
in foreign countries, notwithstanding the fact that it costs them 


_next to nothing to procure the ore at the mines, and that a re- 


duction has taken place on the cost of transport over the narrow- 
gage railway as far as the trunk line. 

A country which is cultivating a trade in manganese is Brazil, 
a newcomer of much promise. In a paper read a few months 
ago before the Iron and Steel Institute, Mr. H. K. Scott went 
into considerable detail on the subject, with particular reference 
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to the mines which have been opened up since 1894. The descrip- 
tions found in greatest abundance are manganite and pyrolusite, 
minerals of excellent quality. Only deposits in the neighbor- 
hood of the railway are worked at present, the principal work- 
ings being situated at Queluz and Miguel Burnier, at 462 and 
496 kilogrammes, respectively, from Rio de Janeiro. The min- 
eral is worked in open cuttings and the cost of extraction is said 
to be about 10s. per ton. Very fair deposits also occur at Gan- 
darella, Minas Geraes. Mr. Scott tells us that the ore is a very 
pure black oxide, containing from 50 to 55 per cent. of metallic 
manganese, and only traces of phosphorus. The ore is first 
excavated by open-cast workings, and when these are no longer 
practicable, they are superseded by levels in the hillside, small 
levels being first driven to locate the direction of the curving 
and erratic beds of ore. All the levels and workings are dry, 
owing to their altitude, and the ore is simply thrown into the 
shoots without the necessity for picking, the cargoes showing a 
general uniformity in their analysis. The amount of ore in 
sight, and of easy extraction without motive power, is estimated 
by Mr. Scott at 2,000,000 tons on the present Usina Wigg prop- 
erties. The railway rate to Rio has varied from about 3s. 8d. 
to gs. 4d. per ton, but is now about 5s.; whilst the freights to 
England vary from 10s. to 20s. 

There are other districts in which manganese ores are, or have 
been, mined since 1895; but the majority of them are described 
as valueless from a commercial point of view, owing to excess- 
ive impurities, some being too phosphoric and others too sili- 
cious. A few consist of the lower oxide of manganese, con- 
taminated and blackened with a carbonaceous inaterial ; whilst 
occasionally the surface ore is merely a cap, and not a bedded 
deposit. Still, there is no question of Brazil’s ability to meet, or 
to help materially to meet, the growing demand for manganese. 
On the other side of South America we have Chile, which ex- 
ported 23,000 tons last year, bringing the total for 11 years to 
367,000 tons, three-fourths of it coming to England. Nearer 
home we have undeveloped resources in Germany, in spite of 
the drain of the last few years. Belgium, too, which produced 
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16,440 tons last year, appears to be good for an increase. The 
same remark applies to Sweden, which last year raised 2,358 
tons of ore, and 363,000 tons of pyrolusite. The mines are not 
very ready of access, which fact naturally interferes with devel- 
opment. 

Of last year’s output of manganese ore throughout the world, 
about 600,000 tons were used up in Europe, and 200,000 tons 
in the United States. America, it may be observed, is going 
more to Cuba for its requirements in this respect than it did 
during the Spanish administration of the island. Cuba, in fact, 
should, when properly exploited, meet the whole of America's 
requirements. In the province of Santiago de Cuba there are 
88 manganese mines covering 4,015 hectares. The deposits lie 
in the San Maestro range on the south coast, extending over a 
distance of 100 miles between Santiago and Manzanillo. 

As the demand in the United States for manganese was far in 
excess of the native supply, and the nearest known mines were 
in the neighborhood of the Black Sea in Europe, and in the 
northern part of South America, attention was, some years back, 
drawn to the Cuban deposits, and one American company was 
formed, known as the Panupo Iron Company, to work ground 
16 miles north of Santiago, with a railroad extending to that 
port. Other companies also began work, and the shipments 
from 1890 to 1893 inclusive amounted to 62,601 tons. In 1894 
there was none, and in 1895-6 the total shipments were 750 
tons. This decrease in business was due in some measure to 
low prices, and to other causes than the insurrection and war, 
but this last was the prime cause of the decrease. Mining has 
now been resumed with every prospect of continued increase 
and prosperity. The chief properties are the Macio, on the sea 
coast, 35 miles from the port of this name; the Portillo, situated 
further westward, which produces ore that gives only 36 per 
cent of manganese; the Boniato, Dos Bocas Margarita, Avis- 
pero (which yield ore of remarkably fine quality running to 56 
per cent of metallic manganese), San Juan, and numerous other 
groups which could be made very productive and very profitable 
with the expenditure of only a little capital. Since the Spanish 
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expulsion, however, the Americans have been acquiring mines, 
and in all likelihood they have bought up the best on the 
market.—“ Engineering.” 


PATENTS: WHAT THEY ARE NOT.* 
By PAUL SYNNESTVEDT. 


It is not the purpose of this paper to present a lenghty treatise 
on patents, from a strictly legal standpoint, but rather to try and 
give to the members of the Western Railway Club a little in- 
struction from the standpoint of a railway man, which the writer, 
from almost constant association with railway men and railway 
work, still feels himself to be, although for some years past his 
more immediate occupation has been the practice of patent law. 

But few of our busy railroad men have had opportunity or 
occasion to apply their minds to studying the subject of patents, 
and it necessarily follows that but a very small proportion have 
any proper conception as to the nature of a patent right; or, to 
put it differently, what a patent is; or, more accurately still, per- 
haps, what it is zo¢, what relation one patent bears to another, 
and whence arise so many apparently anomalous situations as 
are encountered under our patent law. 

Most men who are blessed with at least ordinarily astute minds 
naturally suppose that when an inventor takes out a patent he 
gets thereby a right to proceed unmolested with the manufac- 
ture, sale and, use of his invention. That is not the case, how- 
ever, as we shall see from a little investigation. 

The origin of the erroneous idea above stated may, perhaps, 
be traced to the language employed in the patent grant itself, 
and in the constitutional clause which is really the basis of the 
patent system. 

It was provided in the Constitution that Congress should have 
the power “to promote the progress of science and useful arts, 
by securing for limited times to authors and inventors the exclu- 
sive right to their respective writings and discoveries.” Under 
this provision of the Constitution, laws were passed providing 





*A paper recently read before the Western Railway Club. 














1058 NOTES. 


for the grant of patents. The foundation upon which such laws 
are built involves the idea of a contract between the inventor 
and the public. In exchange for a full and complete disclosure 
of the invention, to be preserved in the public records, and 
accessible at all times to the public, the Government agreed to 
undertak¢ to secure to the inventor the exc/usive right to his in- 
vention for a term of years. From the beginning, the language 
employed in the patent itself followed the wording of the above 
constitutional clause. An example, is taken from what is said 
to be the first patent ever issued by the United States. It was 
granted January 31, 1791, to Francis Bailey, of Philadelphia, 
and related (to quote the patent itself) to certain “‘ Methods, not 
before known or used, for forming punches, by which to impress 
on the Matrices of Printing Types, whether such Types be for 
Letters or Devices, as well as to impress on any Metal or other 
substance capable of receiving and retaining impressions, various 
Marks which are difficult to be counterfeited.” 

The grant recites that “ the said Invention appears to be useful 
and important,” and that “in pursuance of the Act entitled, ‘ An 
Act to promote the progress of useful Arts,’” there is granted 
“to the said Francis Bailey, his Heirs, Administrators and assigns, 
for the Term of fourteen years, the sole and exclusive Right and 
Liberty of using and vending to others the said Improvement, 
according to the true Intent and Meaning of the Act aforesaid.” 

The essential features of the grant have not really been changed 
since the foundation of the patent system, over one hundred years 
ago. 

Examination of the terms of a modern grant will show that it 
does not differ materially in substance from the early one, except, 
perhaps, in the recital of the several steps taken by the inventor 
to procure the patent. It will be noticed that this grant also 
purports to convey “the exclusive right to make, use and vend 
said invention throughout the United States and the Territories. 
thereof.” 

As a matter of fact, neither of the above grants give the 
inventor the right to make, sell, or use his own invention, but 
only the right to prohibit or prevent others from making, using, 
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or selling his invention for a definite number of years, for the 
infringement of which right he may, under the law, recover 
damages or profits from the infringer. 

That by the grant of a patent the Government does zot give 
the inventor the right to make, sell or use his own invention, is 
evident from the fact that prior to such grant he already has 
such right, provided there are no patents to earlier inventors 
which he infringes ; and in case such other patents or conflicting 
rights exist, the mere issue of a patent to him will not relieve 
from the charge of infringement any attempt to make, use or 
sell his patented device, whether such attempt be made by him 
or anyone else. 

It is the word “exclusive” that really gives character to the 
grant—the right to exclude or prolibit others from doing some- 
thing. Whether a patentee hasa right to operate under his own 
patent or not is entirely dependent upon the existence or non- 
existence of prior claims held by others, which would be infringed 
by such operation ; and this is a question entirely different from 
the question as to whether this particular patentee’s rights are 
valid, or infringed by later inventors. 

What has been said concerning the nature of the patent grant 
will, perhaps, help to explain what so many have difficulty in 
understanding, 2. ¢., how it can be possible for more than one to 
hold what appears to be a valid patent upon substantially the 
same thing. Asa matter of fact, that is zo¢ possible; it is only 
an appearance. The difficulty generally arises in a case where 
one man holds what is known in patent law as a broad or generic 
patent upon a certain invention which has been improved upon 
by others in various ways, the others securing patents upon their 
several zmprovements. The man who holds a broad or generic 
patent has a right to prohibit its use by everyone else, so long 
as his grant continues alive; but he has zo¢ the right to prevent 
or prohibit others from exercising their inventive faculties in the 
development of zmprovements upon his invention, nor has he the 
right to prevent or interfere with others securing patents upon 
such improvements. That would not “promote” the progress 
of science and the useful arts, but manifestly retard it. As, has 
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been well stated by the United States Supreme Court, the dis- 
closure of a broad, generic or pioneer invention not only does 
not stop or check development along the same line, but rather 
serves to stimulate it. 

To illustrate the distinction between what is known as a gen- 
eric and what is known as a specific patent, and the rights of 
the parties holding the same, let us take, as an example, the 
case of a car coupler. Suppose A invents an improved vertical 
plane coupler or drawbai, comprising essentially three parts—a 
head, a knuckle and a locking pin. Suppose he is the first who 
has ever employed such three parts in combination in a coupler. 
He is entitled to, and can procure, a patent upon the combination 
between a head, a knuckle and a locking pin, his claim being 
entitled to the broadest interpretation by the courts. 

Suppose B now takes a coupler made in accordance with A’ s 
invention, and, in using the same or studying upon it, works out 
a different form or arrangement of the locking pin and knuckle. 
B is entitled to procure, on the filing of proper papers, a patent 
on his invention, claiming his specific or particular improvement 
on A’s generic invention. The existence of A’s patent has not 
had, and obviously should not have, any effect at all in prevent- 
ing B from securing a perfectly valid patent on the specific im- 
provement which he has invented ; for a patent, be it remem- 
bered, does not grant the right to make or use an invention, but 
only the right to prevent others from doing so. The govern- 
ment has given B a patent on his specific improvement, although 
it is to be remembered that there has been a prior generic patent 
issued to A, broadly covering all couplers employing a combin- 
ation of a head, a knuckle and a locking pin. B's patent, there- 
fore, does not give him the right to make or use his own inven- 
tion, because his invention cannot be made or used, except in 
making or using the invention which is already patented by A. 
Obviously, if this were not so, the value of A’s broad patent 
would be destroyed as soon as anyone patented an improvement 
upon it. 

The enforcement of such a rule would at ade upset the 
whole patent system, since nearly every invention is, or may 
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be, broad or generic to others, in the same line, which follow 
after. 

What the government does give to B is simply the right to 
prohibit anyone else from using that which he originated, or his par- 
ticular contribution to the art, which in this case was a specific im- 
provement upon the locking pin or knuckle of A’s coupler. A, 
until his patent expires, can, if he chooses, entirely prevent B 
from putting his invention in practice, for the reason that B’s 
invention is of such a nature that it cannot be used except in 
conjunction with the invention made by A. In the words of the 
patent practitioner, it is but one specific form of a generic struc- 
ture, of which A holds the monopoly. 

On the other hand, while A is entitled to prevent B, as well 
as everyone else, from making or selling any couplers embody- 
ing the broad or generic invention on which A holds a patent, 
B, by virtue of his patent and rights thereunder, can entirely pre- 
vent A from appropriating or making any use of his specific or 
improved form of knuckle or locking pin. If A wants to incor- 
porate B's improvement in his coupler, he must get the consent 
of B by license or purchase. In the absence of such consent, he 
is confined to the use of his generic form of coupler without B’s 
improvements.—‘“ American Machinist.” 


GALVANIC ACTION OF COPPER SHEATHING. 


The opponents of copper sheathing for our warships will find 
strong confirmation of their criticisms in the very ugly discovery 
that was made the other day on the British cruiser Ariadne, and 
later on another cruiser, the Spartiate. Copper sheathing was 
introduced to enable ships to remain at sea for longer periods 
than is possible when the steel plating of the hull is unpro- 
tected. The theory is good, and the practice of it would be’ 
equally so were it not for the disadvantage that the galvanic 
action of copper on other metals in the presence of salt water is 
liable to be very destructive. As long as the metal bolts which 
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fasten the wood sheathing to the inner steel hull can be kept 
perfectly watertight, and the salt water prevented from getting 
in contact with the steel hull, sheathing is no doubt an excellent 
device; but experience seems to prove that it is extremely diffi- 
cult to preclude conditions favorable to galvanic action. In 
some cases the steel plating has been badly attacked, while in 
others, the fitting of the sea valves and other outboard connec- 
tions have been seriously damaged. During the latter part of 
August, the Ariadue, a new British cruiser of 11,000 tons dis- 
placement and 21 knots speed, was found to be leaking rapidly 
while at her moorings. The leak was of such dimensions that 
it was assumed that a Kingston valve had inadvertently been 
left open. 

After the vessel had been hurriedly docked, it. was ascertained 
that the corrosion of the Bolts, both inside and outside of the 
ship, had been so extensive that the mounting of one of the 
under-water fittings had fallen off, allowing a great inrush of 
water. The corrosion ofthe outer bolts of the Spartiate, a sister 
ship, had previously been detected, and on docking the vessel it 
was found that the inner bolts had also been corroded. Refer- 
ring to this most serious incident, “ The Naval and Military 
Record” pertinently remarks: “One cannot fail to smile at the 
comic side of the question, since here we have ships copper- 
sheathed in order that they may keep the sea for lengthened 
periods, and yet, because they are coppersheathed, they cannot 
go through the peace maneuvers without becoming so leaky as 
to threaten their own safety.” 

We understand that signs of similar corrosion at the same 
point have appeared in our own sheathed cruiser Mew Orleans; 
and, in view of these facts, we think that a most searching inves- 
tigation of the whole subject should be made before we proceed 
with the proposed copper sheathing of our own cruisers and 
battleships. Certainly the incident will greatly strengthen the 
position of the opponents of copper sheathing.—“Scientific Amer- 
ican.” 
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THE RUSTING OF IRON. 


Ordinary red rust is essentially an oxide of iron containing 
combined water, and practically identical with jeweler’s rouge, 
which is neatly pure ferric oxide, Fe,O,. The ordinary chemical 
explanation of the process is that the iron combines with the 
oxygen of the air according to the equation 


2Fe, + 30, = 2Fe,0O,, 


or taking the combined water into account according to the 
equation 
Fe, + 30 + 3H,O = Fe,O,, 3H,0. 

That these simple equations do not represent the actual facts of 
the case has been known for years, as well as the fact that iron 
placed in contact with an alkali does not rust. To explain this 
fact it has been suggested that the presence of carbonic-acid gas 
is necessary for rusting to take place, and that the alkalies absorb- 
ing this prevent rusting. On this view the phenomenon of rust- 
ing, according to Professor Crum Brown, takes place in two 
stages, as follows: 


1. 4[Fe + H,O + CO,] = 4FeCO, + 4H,. 
2. 4FeCO, + CH,O + O, = 2Fe, (OH), +4 CO,. 


A close investigation of the matter has, however, led Mr. W. R. 
Dunston, F.R.S., to question this theory, and to conclude that 
the presence of CO, is by no means necessary for the production 
of this red rust. Thus five pieces of bright iron were taken, the 
first was placed in dry oxygen, the second in water vapor, the 
third in liquid water, the fourth in a mixture of pure oxygen and 
water and vapor. In none of these cases was any rust formed. 
The fifth specimen, however, was placed in liquid water charged 
with pure oxygen, and the production of rust was then quickly 
apparent, although no CO, was present. In fact, for this rust to 
be formed it is essential, Mr. Dunston finds, that the iron shall 
be in contact with liquid water and with oxygen. 

A piece of bright iron placed in a receiver over a dish of 
water remained perfectly bright for sixty hours, provided that 
the temperature was kept constant, so as to prevent the con- 
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densation of the water on the metal. A similar piece, similarly 
suspended, but without any precaution against this condensa- 
tion soon showed spots of rust. Reasoning on the results of 
the experiments just described, and on the fact that the alkalies 
prevent the formation of rust, Mr. Dunston suggests that the 
real active agent is hydrogen peroxide. To test this, iron was 
suspended in water, to which were added substances, some of 
which decompose this peroxide, whilst others have no such 
action. In every case the former prevented the production of 
rust, whilst it always occurred in the latter. In addition to the 
alkalies which destroy peroxide, potassium bichromate, potas- 
sium chromate, potassium ferrocyanide, and sodium nitrate, were 
tried. These, whilst destroying the peroxide, are, unlike the 
alkalies, powerful oxidizing agents, yet nevertheless they proved 
efficient protectors of the metal. In another experiment a piece 
of iron was immersed in a solution of hydrogen peroxide, which 
was made just alkaline. Under these conditions, although the 
peroxide was decomposed and oxygen was freely liberated at 
the surface of the metal, the latter did not rust. The whole 
phenomena of rusting is then, according to Mr. Dunston, 
effected by the iron taking up O from the water, forming ferrous 
oxide, and producing peroxide of hydrogen; the latter then 
immediately combines the ferrous oxide to form the red rust.— 
“ Engineering.” 


PETROLEUM FUEL IN METALLURGY. 


The disadvantages of solid fuel are now very generally rec- 
ognized, and in another column we have discussed the desira- 
bility of using gaseous fuel for metallurgical operations. In 
many cases, however, it is desirable to use liquid fuel, without 
the intermediate stage of conversion into gas, and in this con- 
nection the paper of M. G. de Krivochapkine ina recent issue 
of “ Le Génie Civil,” will be of interest. 

In Russia, where petroleum is readily available as a fuel, there 
has naturally been attempted various methods of utilizing it to 
the best advantage, especially by the firm of Nobel Brothers, by 
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whom the petroleum industry has been so extensively developed. 
As long ago as 1882 M. Nobel presented several communica- 
tions to the Russian Imperial Technical Society at Moscow, 
and made the experimental demonstration of the fusion of a ton 
of cast iron by the combustion of 66 kilogrammes of petroleum 
residue. 

The principal innovation made by Nobel was the special form 
of grate upon which the petroleum residue was burned. This 
arrangement consists of aseries of superposed troughs, placed at 
the entrance of the furnace, the liquid combustible being allowed 
to flow into them under the control of a device by which a con- 
stant level is maintained. A space is provided between each 
trough for the admission of air, and when the fuel is ignited the 
draft of air over the troughs maintains a complete combustion 
without requiring the use of steam jets or compressed air, thus 
giving a marked advantage over similar devices. The stream of 
burning gases from this device may be employed in a variety of 
ways. It may be directed over a series of crucibles for melting 
steel, in which case experiment has shown that 0.6 ton of petro- 
leum residue has sufficed to melt a ton of steel, as compared with 
the combustion of 1.5 tons of coal. 

For the evaporation of water it has been customary to use the 
steam atomizer, but with the Nobel system it has been shown 
that 14.35 liters of water have been evaporated per kilogramme 
of residue, as compared with 11.4 liters with the use of the 
atomizer. At St. Petersburg and in the Caucasus this arrange- 
ment has been used in connection with the reverberatory fur- 
nace for the fusion of copper in crucibles. The general arrange- 
ment does not differ greatly from the ordinary reverberatory 
furnace, the petroleum burners being placed in the position of 
the furnace door, and the grate being covered. The flame from 
the burning petroleum then streams over the bridge wall upon 
the hearth, and, with the proper admixture of air, produces an 
intense heat. The use of petroleum residue is of special im- 
portance in this connection in the Caucasus, in which wood and 
coal are almost entirely lacking, and numerous industries have 
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grown up in the Baku region, depending upon petroleum resi- 
due as fuel. 

Another application of petroleum as fuel is found in the so- 
called Quarnstrom furnace. This is a form of portable petro- 
leum forge, especially adapted for heating rivets. In this fur- 
nace the troughs containing the petroleum are placed at the 
bottom, with air spaces between, supplied by the natural draft. 
This furnace appears to work very well, but in order to avoid 
the production of too much soot it has been found best to 
employ the lighter hydrocarbons, instead of the petroleum 
residue. 

An important application of the petroleum furnace has been in 
connection with glass works, in which the Kroupsky regenerator 
has been employed to advantage. In this case the furnace is 
provided with regenerators similar to the Siemens regenerative 
furnace for gaseous fuel, but instead of using the chambers of 
highly-heated brick checker work to heat the incoming air, they 
are employed to gasify the petroleum vapor, and thus render its 
combustion more complete and intense. 

In connection with the manufacture of glass the Malichef fur- 
nace has also been employed, this more nearly resembling the 
ordinary Siemens regenerative furnace. Here the vapor of petro- 
leum and the air both pass through the regenerative chambers, 
and are thus prepared for most complete combustion. It is 
asserted that in these furnaces 1.3 tons of petroleum residue will 
melt 4 tons of glass. 

These illustrations show that Russia is making active progress 
in the utilization of petroleum as fuel, and that possibly other 
parts of the world may have some lessons to learn from her. 





THE BANKI MOTOR. 


An interesting feature of modern mechanical development is 
the marked attention which is being given to heat motors other 
than the steam engine, and the remarkable development of 
various forms of the internal-combustion motors is most interest- 
ing. Among the more recent inventions in this line of work we 
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have already noticed the motor designed by Professor Dondt 


Banki, of Budapest, and now we have very full accounts of its 
latest performances in recent issues of the “ Zeitschrift des Ver- 
eines deutscher Ingenieure” and in the “ Zeitschrift des Oester- 
reichen Ingenieuer und Architekten Vereines,” from which we 
make some abstracts. 

It is now generally realized that in order to obtain high econ- 
omy in an internal-combustion motor a high compression must 
be employed. In the ordinary gas or petroleum motor the limit 
to the compression is attained when the temperature of com- 
pression reaches the ignition temperature of the mixture of gas 
or vapor and air. If this ignition temperature is reached before 
the end of the compression stroke there will be a premature ex- 
plosion, the motion will be reversed and the motor will fail to 
operate satisfactorily. 

In the case of the Diesel motor this difficulty is avoided by 
compressing the air alone, and only injecting the liquid fuel at 
the moment when the combustion is desired, and this method 
also utilizes the heat of compression as an igniting device. 

Professor Banki adopts another method. The charge of 
mixed air and hydrocarbon vapor is drawn into the cylinder as 
usual, but with it is also mingled a fine spray of water. When the 
high compression is given to this mixture the water absorbs a 
portion of the heat of compression and thus the temperature 
may be kept below the ignition point. When the combustion 
does take place the conversion of the water into steam adds to 
the expansive power of the charge and thus aids in the power 
stroke, and at the same time the absorption of heat in the 
generation of this steam aids in keeping the cylinder from 
becoming overheated. 

In the paper of Professor Meyer, above referred to as appear- 
ing in the “ Zeitschrift des Vereines deutscher Ingenieure,” the 
construction of the motor is clearly shown by drawings and 
sections, and in general it differs but little from an ordinary 
vertical gas or petroleum motor. The principal addition lies in 
the device attached to the inlet passage to provide for the 
admixture of the water spray. 
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With this arrangement of parts it has been found possible to 
work with as high a compression as 16.4 kilogrammes per 
square centimeter (233 pounds per square inch), without causing 
pre-ignition of the mixed charge, while the pressure of explosion 
attained is 39 kilogrammes (540 pounds). 

In the tests made by Professor Meyer and others, the fuel 
used was benzine, this being found most satisfactory, and very 
full data and results are given for a series of trials upon a motor 
of 20 horsepower. The motor was operated at powers ranging 
from 26 down to 8 brake horsepower, and showed a thermal 
efficiency, on the brake, of 28 per cent when operating at full 
load. 

When it is understood that this includes the internal resistance 
of the motor, and that trials showed the mechanical efficiency 
of the machine to be only 74 per cent., it will be seen that this 
is an excellent performance, decidedly higher than would have 
been possible under ordinary conditions. The action of the 
injected water is well seen in the diminished proportion of heat 
rejected in the cooling water of the cylinder jacket. Instead of 
40 per cent. of the heat being carried off in the cooling water, 
as is the case with gas engines of the ordinary construction, the 
loss in this way ranged from 21 to 27 per cent., thus showing 
that a large proportion of the heat usually rejected in the jacket 
was taken up by the water into the cylinder, where it was con- 
verted into work. 

The idea of injecting water into the cylinder of an internal- 
combustion motor is not entirely new, and Professor Meyer 
points out the fact that in the early gas engine of Hugon, 
water injection was used to cool the cylinder. In such an 
engine, however, there was little or no compression, and the 
injected water did not act to improve the efficiency of the 
machine, while in the Banki motor the action has been 
combined with the use of high compression in such a manner as 
to constitute a material improvement. . 

It remains to be seen to what extent this form of motor can 
be satisfactorily used with petroleum and the heavier hydrocar- 
bons, since it is possible that the cooling effect of the water 
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spray may limit the machine to the use of benzine and similar 
fuels. 

In any case it is an interesting example of the ingenuity 
which is being applied to the development of the internal-com- 
bustion motor, which will doubtless ultimately aid in establish- 
ing its superiority as the heat motor of the immediate future. 


QUICKSILVER. 


Some concern is felt in trade circles on the subject of quick- 
silver, and the fear that the world’s supply is proving unequal to 
the growing demand. There is no actual famine, but stocks are 
not considerable, and, so far as can be ascertained, they are 
decreasing ; while at the same time, the price keeps up at a high 
level not attained for several years previously. There are no 
complete and authoritive statistics of the annual output for the 
whole world. Some totals come along now and again on 
French journalistic authority, but they are ludicrously inaccurate 
and worse than useless. Messrs. Wm. Sargant and Co. furnish 
some figures in their annual metal circular, showing the quan- 
tity obtained from the principal sources, and they are useful in 
appraising the situation, especially with the aid of the Board of 
Trade monthly returns. The production of Spain, Italy, Austria 
and California in 1899 was 94,935 bottles, a total exceeded in 
six previous years since 1890, the exception being 1897, with 
91,906 bottles ; 1896, with 89,070 bottles ; and 1892, with 94,640 
bottles. The appended Table gives details : 





— 1899. 1898. 1894. 1890. 

: Battles. Bottles. Bottles. Bottles. 

Imports of Spanish into London........... 45,729 46,367 | 42,414 50,202 
BROONEE CF TAR cscs ces crecescosescosese 6,206 5,650 | 8,700 12,470 
Austrian production,,............ccces0.s0e00 15,000 15,000 | 15,000 14,000 
Californian production...................+++ 28,000 28,000 30,183 22,926 
Total of principal sources......... 94,935 95,017 | 96,297 99,598 
Exports from United Kingdom*.......... 33,101 32,288 | 41,046 56,702 
he & d.| £. & d.| £. & d.| h. 8 4. 
Highest price of Spanish.................... 9:12 6/17 1§ 0/6 1§ O|10 7 6 
Lowest price of Spanish................:|7 15 © 7 00/5 100 817 6 


*Calculated November to November. 
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The price of quicksilver this year has been steady in the 
neighborhood of £9 12s., or nearly up to last year’s highest, 
and it is to be observed, as showing how quicksilver has sym- 
pathized with the generally high range of values, that only in 
1890 (among recent years) have present prices been surpassed, 
47 representing the annual average for the intervening years. 
There has been no striking decline in supplies in the past dec- 
ade, but the trouble is that there has been no expansion to meet 
the growing demand, more particularly in connection with gold- 
mining. If we go further back, we get a better notion of the 
decrease. The production from the cinnabar mines of California, 
the only large mines on the American continent, with one insig- 
nificant exception, the Texas mine, has decreased from 79,936 
bottles in 1888, to 28,100 bottles last year. The Almaden in 
Spain and the Idria in Austria, both of which have been worked 
and have produced for nearly 2,000 years, and the mines of 
Aurbach & Co., in Russia, are the only other producers of note 
in the world, though there are being worked a few scattered 
mines of minor importance in Spain, Italy, Siberia and else- 
where. The total Spanish output last year is estimated by the 
“Revista Minera” at 39,339 bottles, apportioned thus: Almaden 
mines, 37,378 bottles; El Porvenir Asturias, 1,475 bottles; La 
Union Miere, 300 bottles; La Soterrana Asturias, 61 bottles; 
various mines in Granada, 125 bottles. The Almaden mines 
raised 20,322 tons of ore, and smelted 15,194 tons. 

If these figures of output are to be accepted as accurate, a 
considerable quantity was taken out of stock for export to the 
United Kingdom. About 8,700 bottles are obtained in the 
Mikitowka mines in Russia, but they do not come to the Eng- 
lish market, which is supplied almost solely from Spain and Italy, 
the last, however, being of relatively little account. The Italian 
mines are in the neighborhood of Monte Amiato, which now 
produce 200 tons or so in a year, against 274 tons in 1893. The 
greater part of the Californian quicksilver goes to Mexico, to be 
used in mining operations there. A certain proportion is con- 
sumed by mines in some of the Western States, and the rest 
finds markets in various places all over the country. Ay art 
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from its use for gold and silver mining, to aid in the extraction 
of these metals, the chief demand for mercury is as a drug. Its 
chlorides—corrosive, sublimate, red oxide and calomel—are 
well known. From the cinnabar, which is its most abundant 
ore, vermillion is prepared. 

Very little enterprize has been displayed in recent years in the 
exploitation of quicksilver deposits, but it is clear that there are 
openings. Asa result, some attention is coming to be paid to 
those mines which are not yet as “well held” as are the Alma- 
den and Californian properties, but which afford promise of a more 
than respectable profit. This is especially the case in the col- 
onies. Quicksilver appears to be well distributed in New South 
Wales. It has been found in the Cadgegong river ; at Bingara, 
where there are several diamond mines, in the vicinity of the 
Solferino goldfields ; and at Cooma, at the entrance to the New 
South Wales snow country, where the assays of ore yielded 25 
per cent. of quicksilver. The richest deposits have, however, been 
discovered near Yulgilbar, in the Clarence River district, where 
considerable developments have been made, and six distinct 
shafts put down on three parallel lodes. 

Several tons of the ore from these lodes have been brought to 
Sydney, and have averaged from 3 to 5 per cent. of mercury, 
and it has been ascertained that the “ spent” ore contains gold 
and silver. The area of the ground examined by the Govern- 
ment geologist is about 120 acres; but it is believed that, with 
the progress of prospecting operations, other lodes, more or less 
rich, will be found. A further examination of the locality is 
being made by the Government geologist, and his report is 
about due. He has definitely ascertained the existence of three 
distinct parallel lodes, improving as they go down. Machinery 
is being erected, and a preliminary testing of about 1,000 tons 
of ore will be made. In various parts of New Zealand, again, 
quicksilver, either free or associated with sulphur as cinnabar, 
has been found from time to time. At Tokomairo and Russell 
native quicksilver is found; and at Puhipuhi, Ohaawai, Kerikeri, 
and the Bay of Islands generally in the North Island and at 
Waipori, in the Province of Otago in the South Island, quick- 
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silver is found as cinnabar, mostly in the shape of rolled frag- 
ments of pure sulphide. The Ohaawai quicksilver deposits 
are the most important yet discovered, and although their exist- 
ence was known as long ago as 1870, when Captain Hutton 
inspected them, it was not until a few years ago that they came 
under the notice of English capitalists. They have been reported 
upon favorably and appear to have a respectable future.—“ Engi- 
neering.” 





SPONTANEOUS COMBUSTION OF COAL. 


In view of the large export trade in American coal, a trade 
that promises to become much larger, the report of an investi- 
gation recently made for the London Board of Trade is of excep- 
tional interest. This report was made by Captain Castle and 
Professor Threlfall, F.R.S., into the circumstances attending the 
serious damage, through fire, sustained by the sailing ship Wal- 
ter H. Wilson, while carrying a cargo of Cardiff coal. The in- 
vestigation was ordered by the Board of Trade because of the 
numerous cases of mysterious fires in coal cargoes. The report 
of the investigation is long, and amounts to a treatise on the spon- 
taneous combustion of coal, to which the fire in the vessel was 
attributed. It suggests the possible cause of the disappearance 
of many vessels carrying coal from New South Wales. 

The conclusion of the investigators is that coal is a dangerous 
cargo when stowed as the custom is at present. The finding is 
that coal can be stacked to a given height with perfect safety, 
and this height is 17 feet. When this height is exceeded, spon- 
taneous combustion sets in. 

Another fact was ascertained which is surprising, viz: That 
wet coal is less liable to heating and spontaneous combustion 
than dry coal. Heretofore the reverse was supposed to be true. 
This fact was ascertained by actual experiments made with two 
bins, each holding 245 tons of coal—the coal in one bin kept 
wet, the other perfectly dry. In the dry bin the temperature 
rose in 60 days to 135 degrees, while in the bin that was kept 
wet the temperature remained at about 40 degrees. 

We summarize Prof. Threlfall’s conclusions, which will be 
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interesting and, perhaps, valuable to American shippers: “ The 
way to prevent spontaneous fires is to wet the coal. In the case 

of cargoes of large coal, the only danger is in the heap of small 

coal under the hatchways. If the coal under the hatchways is 

thoroughly wetted, the danger of spontaneous combustion will 

be avoided. In the case of small coal, the whole mass should be 

thoroughly wetted either before or during loading. The coal 

may be wetted either by salt or fresh water.”’—“ The Marine 

Journal.” 





MECHANICAL HEATING AND VENTILATION, 


The blower system of mechanical ventilation and heating, 
which is being used so extensively for heating and ventilating 
machine shops, as well as other buildings, has advantages that 
seem to commend it to an increasing number of users. The 
particular features of this system are summarized in a concise 
manner by Walter B. Snow, of the engineering staff of the 
B. F. Sturtevant Co., as follows: 

“ The entire heating surface is centrally located, enclosed in a 
fire-proof casing, and placed under the control of a single indi- 
vidual, thereby avoiding the possibility of damage by leakage 
or freezing incident to a scattered system of steam piping and 
radiators. The heater itself is adapted for the use of either live 
or exhaust steam, and provision is made for utilizing the exhaust 
of the fan engine, thereby reducing the cost of operation to 
practically nothing. At all times ample and positive ventilation 
may be provided with air tempered to the desired degree. Abso- 
lute control may be had over the quality and quantity of air 
supplied. It may be filtered and cleansed, heated or cooled, 
dried or moistened at will. By means of the hot and cold sys- 
tem, the temperature of the air admitted to any given space may 
be instantly and radically changed without the employment of 
supplementary heating surface. 

The pressure created within the building is sufficient to cause 
all leakage to be outward, preventing cold inward drafts and 
avoiding the possibility of drawing air from any polluting source 
within the building itself. By returning the air, using live 
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steam in the heater and operating the fan at maximum speed, a 
building may be heated up with great rapidity, as is usually 
desirable in the morning. 

The area of heating surface is only one-third to one-fifth that 
required with direct radiation, while the primary cost and operat- 
ing expense of a fan is far less than that of any other device for 
moving the same amount of air—‘ Machinery.” 





PULVERIZED COAL AS FUEL. 


Some peculiarly novel and interesting experiments made 
recently in Chicago with pulverized coal as fuel indicates the 
possibility of a radical change in the coal-using conditions of 
great manufacturing plants requiring steam power. 

Even with all the best modern appliances at command, the 
burning of ordinary coal in furnaces is a process so wasteful 
when results are compared with the potential energy liberated, 
that a veritable flood of inventive talent has been poured around 
the problem of increased fuel efficiency. Pulverized coal is a 
contribution to the list of attempts at solution which have 
already shown valuable results under careful tests, and may 
eventually supersede the familiar form of this fuel. As shown in 
the experiments at Chicago, conducted under the direction of 
Illinois Central railway officials, the new preparation of coal 
burns in an ordinary furnace just like gas, with no waste and no 
residuum, The finely pulverized coal, blown into the furnace 
with a due admixture of air, flashes into gas and is instantly 
consumed. An increase of from 25 to 40 per cent. in the steam 
producing capacity of the coal used has been certified to by the 
engineer experts who conducted the Illinois Central series of 
experiments. 

Manifestly, if the results thus shown can be reproduced at 
will elsewhere, there will be little delay in the general installa- 
tion of the new process of fuel treatment and combustion. The 
saving in coal alone in one year would amply cover the 
cost of the new machinery required, while the further relief from 
noxious gasses, slag, cinders and waste, and from the intolerable 
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nuisance of heavy black smoke, would be a public boon of great 
value. It is to be trusted that this elaborately heralded new 
device is not, like so many others, a mere pretense and illusion 
destined to early obscurity and oblivion.—“ Marine Record.” 





PETROLEUM INDUSTRY IN RUSSIA 


The St. Petersburg “ Messenger of Finance” states that English 
capitalists have recently invested $9,000,000 in the petroleum- 
producing territory between the Caspian and Black Seas. 

Since 1892, when new regulations concerning the petroleum 
industry were published, more than thirty firms have received 
permits from the Minister of Agriculture and Crown Domains 
to engage in the petroleum industry in Russia, and applications 
are being made for permission to develop the territory on the 
Apsheron Peninsula, some 300 miles north of Baku, on the 
Caspian Sea. 

This increased demand for fuel caused foreign capitalists to 
look carefully after the residues, which has resulted in a decrease 
in the amount of kerosene exported and a greater demand for 
petroleum fuel at good prices; this increased goo per cent. 
during the past 6 years and is still growing, notwithstanding 
the competition of pit coal and wood. The demand for petro- 
leum fuel from the factories in and about Moscow has more 
than doubled in six years and now amounts to millions of tons 
annually. 

The consumption of liquid fuel on locomotives has increased 
tenfold in 9 years and on river steamboats fourfold in 11 years, 
while the consumption of coal increased 113 per cent. and of 
wood 58 per cent. 

In order to meet the demand for liquid fuel, Baku must in- 
crease her output from 242,000,000 poods to 360,000,000 poods 
(3,903,226 tons to 5,806,451 tons), and, in order to supply the 
increasing demand from the interior of Russia, it will be neces- 
sary to increase the output of residues to 8,064,516 tons in the 
near future. This development will require a further investment 
of $8,000,000, which must come from foreigners. 
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The slow development of the export of kerosene is due partly 
to the fact that Baku finds it more profitable to produce liquid 
fuel and partly to the competition of the Standard Oil Co., but, 
unless the export of Russian kerosene is increased, as the de- 
mand from the interior is small, the liquid fuel will contain too 
great a percentage of dangerous volatile products for profitable 
trade. 

The increased production of kerosene is necessary to supply 
the fuel residues, and, while the same will meet strong opposi- 
tion from the United States, success is only possible by Russia 
adopting the Standard Oil Co.’s methods for saving, transporting 
and delivering the product, which will require a largely increased 
capital. It is estimated that the amount of $10,000,000 will be 
required to successfully compete with the American oil in Eng- 
land alone.—“ Marine Record.” 





AMERICAN AND BRITISH BLAST-FURNACE PRACTICE. 


At a time when American products of iron and steel are 
crowding British products in home and colonial markets, the 
paper of Mr. T. B. Rogerson, before the West of Scotland Iron 
and Steel Institution, is both appropriate and interesting. 

In making the comparison, Mr. Rogerson is in a position to 
speak whereof he knows, since he has spent about eight months 
recently in the United States, visiting most of the large blast- 
furnace plants in the iron-making States, and being given excel- 
lent opportunity to observe American practice. 

The high reputation of Scotch pig iron renders it especially 
appropriate that the Scotch furnaces should be selected by Mr. 
Rogerson for comparison with the American ones; and, in fact, 
with the exception of the fact that English furnaces use coke and 
the Scotch use raw coal, the Scotch practice is fairly entitled to 
be considered representative British practice. 

The Scotch furnaces are about 65 feet high and 15 to 17 feet 
diameter of bosh, and are worked at a blast pressure of from 5 
to 6 pounds, the blast being heated to 1,100 degrees Fahrenheit 
to 1,300 degrees Fahrenheit in Cowper or Whitwell stoves, the 
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hot-blast main being usually common to all the furnaces in a 
plant. The coal is handled in charging barrows, at the rate of 
one ton per barrow, being taken up a steam hoist to the top of 
furnace and dumped in by means of the ordinary bell and hopper 
arrangement. This is followed by the barrows containing the 
mixture of ore and limestone, all being hand-filled, the men do- 
ing about 60 tons per day each. The slag is taken away from 
these furnaces either by running ‘it into holes in the slag fall and 
hauling the pieces away when set, or else the liquid slag is 
hauled away in tubs or ladles of 4 to 12 tons’ capacity. Theiron 
is run out of a tapping hole into a sand bed and cast into pigs, 
and when cold is carried away by hand, broken, and deposited 
in trucks for conveyance to the steel works. The tuyeres are 
cooled by being made of coiled pipe, through which water flows, 
while the slag tuyere is formed of two annular brass cones, with 
water space between. The blast tuyere is stopped with-specially- 
prepared clay, and the furnace must be thrown off blast to do 
this, but the brass tuyere is stopped with an iron plug, which 
can be done with the furnace on blast. The tapping hole is 
stopped by hand with specially-prepared clay, and it generally 
takes about ten minutes to do this, the furnace being off blast 
during this time. 

English blast-furnace practice is very similar to Scottish, 
except that coke is almost entirely the fuel, the labor, or form of 
filling, etc., being the same as in Scotland. In a few places, 
however, they use blast up to 8 and 10 pounds pressure, and 
have also apparatus for lifting the pig iron, either in the whole 
grid, and breaking it with a specially-constructed machine, 
either hydraulic or steam, and delivering it sampled into railway 
wagons, or gathering it up into slings of about 2 tons, and 
delivering into wagons. 

With these few exceptions there are no labor-saving devices 
other than those which were in force thirty years ago in Great 
Britain. The maximum output of a British furnace is about 
1,200 tons per week, with 10 pounds blast pressure. 

In the United States the furnaces are much larger, the output 
per furnace greater, and the cost of production lower than in 
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Great Britain. The furnaces are from 80 to 100 feet high, and 
from 17 to 20 feet bosh, with 8 to 16 tuyeres. Hot-blast stoves 
are used, but each furnace has its own outfit, so that the blast 
can be varied in each case as desired. The blowing engines are 
more powerful than in England, furnishing blast at a pressure of 
10 to 18 pounds per square inch, and the more recent engines 
press up to 25 pounds, a single engine making blast sufficient to 
make 400 tons of pig iron per day. 

The material is handled by machinery as much as possible. 
The charge is conveyed to the top of the furnace in specially- 
designed buckets, holding about 4 tons, the bottom of the bucket 
fitting the top of the furnace bell in such a manner that the charge 
can be delivered into the furnace without the escape of any gas. 
The time required to take up the charge, deposit the contents, 
and bring the bucket back, requires about two minutes, and the 
whole filling of the furnace, about 700 tons per day, is done by 
one hoist engineman and three men on the locomotive which 
hauls the charge to the furnace. 

The slag is run off through a copper tuyere into ladles holding 
from 10 to 15 tons, and taken away for deposit in liquid form in 
a convenient place. The iron comes in the ordinary way from 
the tapping hole, and is run into large ladles, and taken direct 
to the steel works or to the casting machines. The hole is 
stopped, after the cast is done, by the use of a mechanical appli- 
ance, so that neither in the case of the slag nor the iron is it 
necessary to shut off the blast. 

The great makes of the American furnaces are due to the 
greater pressure of the blast, bringing the charge down very 
rapidly and causing quick smelting even with the large propor- 
tion of small rich ores used. When the output of the furnace is 
raised to 2,000 to 5,000 tons per week the questions of regular 
filling and the disposal of iron and slag present themselves. The 
result has been the replacement of the laborious work of men by 
machinery, and such a cheapening of cost that, in connection 
with abundant ore and fuel, has enabled the American iron-mak- 
ing industry to reach its present commanding position.—“ Engi- 
neering Magazine.” 
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TEST OF RIVETED JOINTS IN THIN PLATES. 


The following is an extract from tests made at the Watertown 
Arsenal with riveted joints on ;%-inch plates, comparing the 
strength of these joints when the holes were simply punched, 
punched and reamed, and simply drilled: 
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NEW SHIPBUILDING PLANT. 


The new shipbuilding plant of the Risdon Iron Works, of San 
Francisco, Cal., is rapidly assuming material form. This com- 
pany has purchased for its new plant the property of the Pacific 
Rolling Mill Co. This property consists of some 32 acres of 
ground immediately adjoining the Union Iron Works, and has a 
deep-water frontage of over 1,700 feet. Application has been 
made to the Board of State Harbor Commissioners for a site for 
a new dry dock. This dry dock will be 500 feet in length and 
100 feet in width. New wharves are now in course of construc- 
tion. Several new steel-frame buildings are contemplated, and 
large orders covering the structural materials for the following 
buildings have recently been placed: Machine shop, length 308 
feet, width 100 feet, total lift over main floor 45 feet; boiler 
shop, length 140 feet, width 180 feet, total lift over main floor 40 
feet; machine and ship blacksmith shop, length 300 feet, width 
60 feet; foundry, length 177 feet, width 160 feet; ship joiner 
shop, length 140 feet, width 81 feet. 

The machine shop will be equipped with four electric travel- 
ing cranes with capacities of 50 tons, 20 tons, 15 tons and 10 
tons. Each crane will be of the most modern type and equipped 
with 5-ton auxiliary hoists. The boiler-shop crane equipment 
will consist of one 60-ton, one 20-ton and one 10-ton electric 
traveling crane, each equipped with 5-ton auxiliary hoists. The 
foundry crane equipment will consist of one 30-ton and one 20- 
ton electric traveling crane with 5-ton auxiliary hoists. The ship 
blacksmith shop will be equipped with eight jib cranes of 5 and 
10 tons capacity each. The machinery equipment throughout 
will consist only of the most modern tools. The entire plant, 
with the exception of the steam hammers in the blacksmith shop, 
will be operated by electricity, and contracts have recently been 
placed with the Independent Electric Light & Power Co., of San 
Francisco, to furnish power for this plant. Direct current will 
be used for the cranes and an alternating current for the machin- 
ery equipment. Separate motors will be installed in each depart- 
ment. The cost of electric power for operation of this plant for 
the first year will amount to over $30,000.—“ Engineering News.” 
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ABOUT ALUMINUM. 


Aluminum is cheaper than all the common metals excepting 
zinc, lead and iron. Brass, tin, copper, are of approximately the 
same specific gravity, and in comparing their costs we usually 
think only of their relative cost per pound; but aluminum is 
entirely in another class. It takes only one-third of a pound of 
aluminum to take the place of one pound of these metals, and 
the proper basis of comparison here is to compare the price of 
one-third of a pound of aluminum with that of one pound of 
brass, etc. The comparison, therefore, stands as follows: 


One-third pound of aluminum, . . . . $0.11 
Gasipeuntd af Gent, :3)6556 6 i Se soos > ag 
One pound of copper, . . . ... . O17 
Ouse puted of tidy. ait 623) ae | oh 15% a5) On a 


The next great improvement, after that of the fall in price, 
has been in the successful manufacture of light, strong alloys. 
This has been a subject at which metallurgists have worked 
hard and long, and their labors are bearing fruit in abundance. 
Pure aluminum has many resemblances to pure copper. Take 
away the red color of copper, and its softness, malleability, 
toughness, silky-fibrous fracture are almost exactly duplicated 
by aluminum; but they are both soft, rather weak metals. Five 
per cent. of silicon or manganese, or 30 per cent. of zinc, added 
to aluminum, make strong metals as rigid as bronze yet only 
one-third as heavy. 

Such light, strong, good casting and machining alloys have a 
large field of usefulness. One, for example, made by the Dela- 
ware Metal Refinery, of Philadelphia, is a hard white alloy, spe- 
cific gravity 3.1, melts clean, runs fluid, makes beautifully sharp 
and perfect castings, turns and machines like the finest brass, 
polishes well, and, to conclude, is fully as rigidand strong as gun 
metal or the best of the ordinary bronzes. This alloy is princi- 
pally of aluminum and zinc, and sells at the same price per 
pound as pure aluminum. The field of application of light alloys 
with such properties to light-running machinery, portable appa- 
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ratus, vehicles, instruments, etc., is extensive, and the next few 
years will see its use very general for such and similar purposes. 

Electric conductors can now be laid more cheaply in alumi- 
num than in copper. Pure aluminum has over 60 per cent. the 
conductivity of pure copper, and is fully as strong and resistant 
to atmospheric influences. It is, therefore, only necessary to 
take an aluminum wire one-fourth as large again in diameter as 
a copper wire (giving a little over 50 per cent. more section) to 
get equal conductivity. Such a wire weighs one-half as much 
as the copper wire it replaces, and costs only two-thirds as much. 
Over 500 tons of aluminum were used for trolley-line feed wires 
last year, and probably double as much will be used this year. 
Fifteen years ago 2} tons of aluminum was the output of the 
whole world for one year. 

Aluminum can be rolled out to 3,455 of an inch in thickness, 
and then beaten out to zp}g5 Or even zy}5, Of an inch. As thin 
sheet it has found some application in place of cardboard, for 
business cards, etc., but as leaf it has entirely superseded silver- 
leaf in decorating. This leaf can, moreover, be ground to pow- 
der, and in this condition is used by printers for silvery printing, 
and as a paint. For the latter use it is simply mixed with a 
varnish, like ordinary bronzing powders, and has already proven 
its beauty and utility on Uncle Sam’s letter-boxes.—“ Journal of 
Franklin Institute.” 





MISCELLANEOUS. 


Tue 600-H.P. Gas ENGINE at the works of the John Cockerill 
Co., Seraing, Belgium, has recently been tested with excellent 
results. This is a four-cycle engine, supplied with gas directly 
from the blast furnaces in the Bessemer mill. The gas passes 
through dust chambers and then into a cast-iron box, where it 
is mixed with steam, in order to cool it and increase its density. 
Calculations showed that the indicated thermal efficiency of the 
engine rose as high as 27.16 per cent., and that the net efficiency 
varied between 19.86 and 22 percent. The mechanical efficiency 
of the machine varied between 73 and 81 per cent. On an aver- 
age of the total heat supplied 20 per cent. was converted into 
work, 52 per cent. passed away in circulating water and 20 per 

70 
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cent. in the exhaust. The consumption of gas was about 31 
cubic meters per H.P. hour. The engine is used to supply blast 
to the furnaces—“ Engineering News.” 


Zinc PropucTion IN Russia.—The production of zinc in 
Russia has hitherto been confined to Poland, where this in- 
dustry has existed since the year 1816. The Poland zinc in- 
dustry is at present in a very fair state of development, the total 
for 1898 being 5,500 tons, against 3,900 tons in 1875 and 410 
tons in the year 1816. The total production of zinc in Poland, 
since this industry commenced, amounts to an aggregate of 
240,009 tons.—“ Engineering.” 


A Patent (651,356) has recently been granted on a die for 
forming twist drills from cylindrical blanks. The principle in- 
volved is analogous to that of broaching, the blank being forced 
longitudinally through the die, which has inwardly projecting 
cutters of the proper shape for forming the grooves. As the 
blank is forced through, it is at the same time rotated sufficiently 
to give the flutes the required twist.—“ Machinery.” 


THE PASSIVE state of iron, in which it resists solution by acids, 
has long been known, and is now attributed to the formation 
on the surface of the metal of a thin layer of oxide. The thick- 
ness of the layer necessary is extremely minute, since Mr. 
Oberbeck has shown that in the case of platinum a film of 
another metal deposited on the surface and only ;yq}y5 milli- 
meter thick suffices to alter the electromotive force of the metal 
if forming an element of a voltaic couple. In a communication 
to the “Archives des Sciences Physiques et Naturelle” (Geneva), 
Mr. F. J. Micheli describes a measurement he has recently made 
of the actual thickness of this film of oxide. The method fol- 
lowed was to construct a small mirror of iron, and to measure 
the polarizing angle: first, when the iron was in the active 
state; and, secondly, when it has been rendered passive by 
immersion in fuming nitric acid. The difference in the con- 
stants of polarization was found to correspond to a film of oxide 
equal in thickness to one-thirtieth of the wave length of sodium 
light. The formation of this film had nevertheless sufficed to 
render the iron electro negative to copper. Similar experiments 
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made on pure chromium obtained from Dr. Goldschmidt at 
Essen showed that with this metal the production of the passive 
state is not due to the surface oxidation of the metal, since the 
polarization constants of a chromium mirror were identical, 
whether the metal was in the active or the passive state. In the 
former state the electromotive force of chromium-platinum 
couple was found to be 1.58 up to 1.607 volts, and in the passive 
state 0.443 volts.—‘‘ Engineering.” 


PETROLEUM INDUSTRY IN JAPAN.—Vice-Consul-General Mc- 
Lean, at Yokohama, has sent to the State Department informa- 
tion concerning the rapidly developing petroleum industry in 
the district of Echigo, Japan, showing that there are at present 
over 30 petroleum companies in the oil district in Echigo. Some 
of these possess a capital of over 1,000,000 yen ($498,000), the 
aggregate capital amounting to 12,000,000 yen ($5,966,000). 
The proposed scheme to construct a pipe line from the seat of 
the petroleum wells in Echigo to Tokyo, for the rapid and con- 
venient transportation of kerosense, is now assuming practical 
shape. The promoters of the enterprize have decided to entrust 
the Nakai engineering office with the business of making a pre- 
liminary survey for the projected work. Mr. Miyagi, graduate 
of the engineering college of the Tokyo Imperial University, 
will act as advisory engineer in the survey, which is to be begun 
at no distant date.—“ Iron Age.” 


CHINESE IRON seems likely to become a serious rival in Japan 
to the English and American pig iron. It is at present sold 
in Japan atabout £1 per ton cheaper than that which is imported 
from this country. Iron ore from China is also to be largely 
used in the workshops of the Government iron foundry at Yawata 
Mura, Fukuoka Prefecture, Kiushu, which is about to commence 
work, From June or July next the manufacture of small rails 
and sheet iron is to begin; but the foundry will not be in a 
position to furnish rails for railway use till the end of the year. 
The supply of iron ore will in the main be obtained from mines 
which are the property of the Government and from Niigata 
and Iwate Prefectures.—“ Engineers’ Gazette.” 
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UNITED STATES. 


St. Louis, Milwaukee and Charleston.—The following ex- 
tracts are from the “ Circular” of September 20, 1900, issued by 
the Department, for the benefit of bidders for the construction of 
these three protected cruisers (authorized by Act of June 7, 1900), 
and defining the chief characteristics of the ships. 

Bids will be invited for— 

Class I.—Department’s design. 

Class II.—Bidder’s design. 

In order that ample time may be given to all ship and marine- 
engine builders who may desire to submit their own plans of the 
hull and machinery, or of either, this circular, defining the gen- 
eral requirements of the Department for the vessels referred to 
herein, is issued. The general plans may be examined in the 
bureaus on andafter December 1, 1900. The plans will be ready 
for distribution among prospective bidders on application Janu- 
ary 2, 1901, and the bids will be opened at the Department on 
February I, 1901. 

* a * * oa 

The Department will reserve the right to reject any and all 
bids not considered advantageous to the Government, and no 
bids will be considered which propose to furnish vessels of less 
than 9,700 tons trial displacement, or of less than 22 knots speed 
on trial, or having a bunker capacity of less than 1,500 tons of 
coal. 

Trial displacement is to be understood as meaning the vessel 
and her equipment complete, with 650 tons of coal, plus two- 
thirds of ammunition, plus two-thirds of total stores and pro- 
visions, crew, and 50 tons of fresh water for steaming purposes. 

* * * * * 

The maximum time allowed for completion will be limited by 

the Department to thirty-six months for each vessel, and no 
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bids will be considered which propose to exceed that limit of 
time. Failure to complete the vessel or vessels within the time 
specified in the contracts will involve penalties as follows, viz: 
$300 per day for the first month succeeding the expiration of 
the period fixed by the contract, and $600 per day thereafter 
until the vessel is completed and delivered as prescribed by the 
contract. 

The speed trial of the proposed vessels will be conducted 
after the vessels are fully completed, in accordance with the 
terms of the contracts, subject to conditions prescribed by the 
Department, and if on trial the average speed shall equal or 
exceed a speed at sea of 22 knots per hour for four consecutive 
hours with an average air pressure of not more than 1 inch of 
water in the ash pits the vessels will be accepted, in so far as the 
speed is concerned. 

If the speed falls below 22 knots and exceeds 21 knots an 
hour the vessel will be accepted, so far as speed is concerned, at 
a reduced price, the reduction being at the rate of $50,000 a 
quarter knot deficiency of speed from 22 to 214 knots, and at 
the rate of $100,000 a quarter knot deficiency of speed from 
21} to 21 knots. 

If the speed falls below 21 knots per hour the vessel will, in 
the discretion of the Secretary of the Navy, be rejected, or 
accepted at a reduced price to be agreed upon between the Sec- 
retary and the contractor. In case of rejection any money that 
may have been paid the contractor on account shall be refunded 
by him. 

The final trial of the vessels will not take place until a period 
of six months has elapsed from the date of preliminary accept- 
ance. 

The following elements and qualities are obtained and provided 
for in the Department's design, and their equivalent must be ob- 
tained and provided for in all designs submitted : 

The vessels are to be driven by twin-screws. 

The hull is to be of steel, having a double bottom and close 
water tight subdivisions. 

The arrangement of decks above water is to be such as will 
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provide ample freeboard and good berthing accommodations, 
the after body of the vessel being carried to the same height as 
the forward body. 

There will be two steel military masts, fitted with upper and 
lower fighting tops, with search-light platforms, and with signal 
yards, and gaffs. 

It is contemplated to supply the following boats, viz: 

1 36-foot steam cutter, 2 30-foot whaleboats, 
I 33-foot steam cutter, 1 30-foot gig whaleboat, 
1 36-foot launch, 2 20-foot dinghies, 
1 33-foot launch, 1 16-foot dinghy, 
2 30-foot cutters, 2 12-foot punts, 
1 30-foot barge, 2 Carley life rafts. 
3 26-foot cutters, 
* * *x * * 

The armored protection will be as follows : 

a. A partial water-line belt about 200 feet in length, abreast 
the engines and boilers, said belt being 7 feet 6 inches in width 
and 4 inches in thickness. 

6. Above the main belt, the sides of the ship will be protected 
for a distance of about 133 feet in length by vertical armor of 
about 7 feet in width and of 4 inches in thickness, the forward and 
after ends being connected by transverse armor of 3 inches in 
thickness. 

c. Above the lower casemate the sides of the ship will be pro- 
tected for a distance of about 133 feet in length by vertical armor 
about 7 feet 2 inches in width and of 4 inches in thickness, with 
transverse armor 3 inches thick connecting the ends and forming 
a central casemate with four armored sponsons. 

da. On the main deck the four 6-inch guns at the corners of 
the superstructure will be protected by vertical armor of 4 inches 
in thickness and about 7 feet 6 inches in height in the form of 
sponsons. 

¢. There will be an oval conning tower of 6 feet and 8 feet 
inside diameters, and 8 feet in height with a shield, both of 5 
inches in thickness, the top to be 3 inches in thickness. 
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Jf. The conning tower will have an armored tube of 3 inches in 
thickness, extending to the protective deck. 

g. There will be a signal tower 8 feet 6 inches in height, 6 
feet in diameter, and of 4 inches in thickness. _ 

The main armor belt is to be so placed that the upper edge 
will be at least 15 inches above the water line at maximum deep- 
load draught. 

The 6-inch guns on both decks will be further protected by 
splinter bulkheads of 2-inch nickel-steel placed between each 
pair of guns on the gun deck, and as shown on the plans on the 


main deck. 
* ca * * Ke 


A proctective deck of nickel-steel is to extend throughout the 
vessel, and will be 2 inches thick on the flat and 23 inches 
thick on the slopes. On the slopes this deck will be laid on 
34-inch steel plates. 

There will be a cellulose belt, about 2} feet thick, of 
approved material, in cofferdams, worked along the sides above 
the protective deck the entire length of the vessel. The cellulose 
is to be supplied by the contractor, and shall be fireproofed by 
a process satisfactory to the Department. The cofferdam will 
be packed by the contractor. 

No woodwork is to be incorporated in the hull or fittings, 
except such as is indispensable, and all woodwork used in the 
construction of the hull and fittings, except the battens for elec- 
tric-light wires, shall be fireproofed by a process satisfactory to 
the Department. 

Only the superstructure deck and the main deck outside of 
the superstructure are to be of wood, which are to be laid on 


complete metal decks. 
*x * * * * 


Special care is to be observed to provide for commodious and 
well-ventilated engine and fire rooms, and the system of ventila- 
tion is to extend to all living spaces, coal bunkers, ammunition 


rooms, holds, storerooms and gun casemates. 
~ * * * * 


Arrangements shall be made for cooling the magazines, or 
certain specified ones, by means of compressed air, by connec- 
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tion with the refrigerating plant, or by other approved means, 
and, if required, the magazines, or certain specified ones, shall be 


further insulated by an approved non-conductor of heat. 
* * * * * 


The coal bunkers must be well arranged, with ample facilities 
for rapid coaling and for supplying the fire rooms with coal, and 
small sub-divisions and inaccessible spaces are to be avoided as 
far as practicable. 

Approved means shall be provided for opening and closing by 
power, as well as by hand, such watertight door as may be des- 
ignated, with suitable devices for operating at each door and 
from a central station, and for indicating at such station whether 
the doors are open or closed. 

Each vessel is to be fitted for a flagship, and ample provision 
must be made for the accommodation of the full complement of 
officers and crew, which will comprise— 


1 flag officer, 8 warrant officers, 
I commanding officer, 525 crew, including marines. 
1 chief of staff, ——. 

18 wardroom officers, 564 total. 


10 junior officers, 

A small and compact laundry, with capacity to wash for about 
75 men, is to be provided and equipped with the following 
laundry machinery of approved type, viz: One washer, one 
hydro-extractor, and one mangle; also withtwo soapstone set 
tubs, one soap tank, ironing table, and drying room. The line 
and counter shafting, for the above-named machinery (the former 
to be run by electric motor) is to be supplied by the contractor, 


who will also provide all necessary steam and water connections. 
* a * * * 


There shall be suitable separate cabins for the flag officer and 
for the commanding officer. Mess rooms for the wardroom, 
junior and warrant officers, and the following staterooms will be 
required, in addition to those in the cabins, viz: 

For wardroom officers, 18. 

For junior officers, 5. 

For warrant officers, 8. 

Also one, with toilet room, for chief of staff. 
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The following machine tools of approved make and design 
will be furnished and installed by the contractor in the general 
workshop, with proper line and counter shafting (the former to 
be run by electric motor), and all necessary and usual spare 
parts and tools, viz: 

One screw-cutting back-geared gap lathe, to swing 30 inches 
over the ways and to take 10 feet between centers. 

One 14-inch screw-cutting back-geared lathe to take 4 feet 
between centers. 

One column-shaping machine, 26-inch stroke, 26-inch traverse. 

One double-geared drilling machine, to drill up to 1} inches, 
18 inches from edge of work. 

One 16-inch sensitive drill. 

One No. 1 Universal milling machine. 

One combined hand punch and shears, with 6-inch shear 
blades, to cut #-inch round iron and §-inch steel plate, and to 
punch #-inch holes in §-inch plate. 

One emery grinder, two 12 by 2 inch wheels. 

One 30-inch grindstone. 

Six bench vises. 

A suitable place will be provided for a blacksmith shop, suit- 
able tools for which will be furnished and installed by the 
contractor. 

Ample facilities for convenient and rapid coaling must be 
provided by means of steam winches, booms, and derricks; also 
a sufficient number of well-placed chutes and coaling ports. 

The following auxiliary machinery of approved make and 
design, in addition to that pertaining to the main engines and 
their dependencies, to be operated by steam power, is to be 
supplied and installed by the contractor, complete with all the 
necessary steam and exhaust piping and fittings, viz : 

Steam steering engine. 

Anchor engine and capstan. 

Ash-hoisting engines in each fire room. 

Dense-air ice plant of approved type, with a cooling effect of 
2 tons of ice per day. 

Evaporating plant, to consist of four units, each having a ca- 
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pacity of 5,250 gallons of fresh water a day; also a distilling 
apparatus capable of condensing at least 10,000 gallons of pot- 
able water a day. 

Five deck winches of 30 horsepower each ; each winch to have 
two hoisting drums, either of which may be operated independ- 
ently of the other. 

Engines of 50 horsepower for each of the heavy boat cranes. 

The following auxiliary machinery is to be supplied and in- 
stalled by the contractor, and is to be operated by electric power, 
viz: 

Ammunition hoists. 

Blowers for hull ventilation. 

The line shafting for the machinery in the general workshop 
will be electrically driven, the contractor supplying the motors 
therefor. 

* * * * * 

The engines will be of the vertical, twin-screw, four-cylinder, 
triple-expansion type, of a combined I.H.P. of 21,000. The 
steam pressure will be 250 pounds. The stroke will be 45 inches. 
The ratio of high pressure to low-pressure cylinder will be at 
least 1 to 7.30, and the diameters will be sufficient for the re- 
quired I.H.P. at about 133 revolutions per minute. Each engine 
will be located in a separate watertight compartment. They 
will be provided with all the necessary auxiliaries and accessor- 
ies in accordance with the latest practice of the Bureau of Steam 
Engineering. 

There will be sixteen boilers of the straight water-tube type, 
placed in four water-tight compartments. They will have at least 
1,400 square feet of grate and 58,800 square feet of heating sur- 
face, and must be able to furnish steam for the main engines and 
all the necessary auxiliary machinery with an average air press- 
ure in the ash pits of not more than one inch of water. All the 
necessary auxiliaries and accessories will be provided for the 
efficient working of the boilers. 

There will be four funnels, each 100 feet high above the base 
dine. 
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Fifty tons of fresh water will be carried on trial in the double- 
bottom or reserve tanks for use of the water-tube boilers. 

The vessel is to be heated with steam throughout, and the 
usual steam-heating system will be provided and installed by the 
contractor. 

The weight of all machinery and tools, stores and spare parts 
will be about 1,900 tons. This weight must include all articles, 
irrespective of name or use, coming under the cognizance of the 
Bureau of Steam Engineering, including water in boilers, con- 
densers, piping, etc., but excluding the reserve feed water in the 
double bottom or tanks. 

The armanent will be as follows: 

Main battery: fourteen 6-inch breech-loading rapid-fire rifles 
of 50 calibers in length. 

Secondary battery: Eighteen 3-inch breech-loading rifles (14- 


pounders) of 50 calibers in length ; twelve 3-pounder semi-auto- - 


matic guns; four I-pounder automatic guns; eight I-pounder 
rapid-fire guns; two 3-inch field guns; two machine guns, .30 
caliber ; eight automatic guns, .30 caliber. 

The electric generating plant will consist of five units, each 
unit to consist of an engine and dynamo mounted on a combi- 
nation bedplate. Two units shall have a rated output of 1,250 
amfeéres each at 80 volts, and three units shall have a rated out- 
put of 625 ampéres each at 80 volts. The total weight of the 
five units complete must not exceed 100,000 pounds. The total 
weight of the whole electric installaton, including dynamos, 
engines, bedplates, all fittings, wiring, tools, stores, instruments, 
and six search lights, must not exceed 123 tons. 

* * * * 1” 


Summary of principal weights, Department's design: 


Tons 

Geet, wis A AR iii scccsitainn endcavdincdb ncn iocsacmphianton 270.9 
Ammunition, crdnance Over, aN CW ...cccnccccscsscocccccicscescetescesrdceravsnce 372.2 
Steam engineering complete, with water in bvilers, condensers, piping, and 

CR, ER ig TOE. WR TI cic cdescinssiccivespanentnsecaces PES TEA CL igs DN 1,900.0 
Reserve fresh water for steaming purposes (full supply)...............seseseeeeee 150.0 
DO BE i iicikelaguisissitistsicntndeicidsiaie sguiabirbinasbiatetientsaipndiadcaaetives 1,500.0 
BN I i cde cintidasevecs sidestineivins ebieutnad ganic 31.5 
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Tons. 

Equipment, complete (including anchcr:, chains, electric plant, etc.)........... 252.7 

Miscellaneous stores and water (full supply)...............scceccesseceeeecerceseeces 58.3 

IN IIR TA i oa a sot ig sapbinguaininnaiabadiebatoes 73.6 

Provisions, clothing and small stores (full supply).................ceeeceeeeeeeeees 145.7 
Total protection, including armor, bolts, nuts, splinter bulkheads and cellu- 

Pcie icnksosuandurg beehensnbueceoenasoiinctnpenthaitstereamesdéouanzombcnsdaaunsdiehe 854.0 


Wyoming.—The Wyoming was launched at the Union Iron 
Works, San Francisco, on September 8th, in the presence of His 
Excellency the Governor of Wyoming and an enormous crowd 
of spectators. The Wyoming is considerably less in dimensions 
than the Montercy, though both are of the same type. The M/on- 
terey is 255 feet in length, and is 59 feet beam, with a depth of 14 
feet 10 inches. The Wycming’s dimensions are: Length, 252 
feet; beam, 50 feet, and mean draught, 12 feet 6 inches. The side 
armor of the former vessel is 13 inches in greatest thickness, 
tapering to 8 inches at the ends; of the latter, 11 inches, taper- 
ing to 3 and § inches. Displacement: Monterey, 4,084; Wyo- 
ming, 3,235; horsepower engines, 5,244 and 2,400 respectively ; 
speed, 13.6 and 12. 

The Wyoming will have a speed of about 12 knots with about 
2,400 H.P., using steam at 250 pounds pressure. The engines 
are vertical, triple-expansion (twin screw) 17 by 26} by 40 inches, 
and 24-inch stroke. The boilers (water-tubular) have 216 square 
feet grate surface, and 9,400 square feet heating surface. 

The armament of the Monterey consists of two 12-inch and 
two 10-inch main battery, six 6-pounders, four 1-pounders, two 
Gatlings. Of the Wyoming, two 12-inch, four 4-inch rapid fire, 
two 6-pound semi-automatic, four 1-pound automatic, and addi- 
tional four automatic 1-pounders have been authorized. 

Arkansas. — The harbor-defense monitor Arkansas was 
launched at Newport News, on Saturday, November 10. Miss 
Bobbie Newton Jones, daughter of Gov. Jones of Arkansas, chris- 
tened the vessel. There is a single-balanced turret on the center 
line forward, with an inclined top, and made of steel g inches 
thick. This turret will contain two of the new high-power 12- 
inch breech-loading rifles. Besides this armament, the Arkansas 
will carry four 4-inch rapid-fire guns, three 6-pounders, and four 
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1-pounders. The Arkansas, when complete, will draw 12 feet 6 
inches of water, on a displacement of 3,235 tons. Eleven inches 
of steel armor protect the sides of the monitor above the water 
line, and there will be a protective deck for the full length of the 
vessel 14 inches thick. Twin-screw engines will drive the 
monitor, at a maximum speed of 11} knots, amply sufficient for 
a harbor-defense vessel, and electricity will be employed for 
turrent-turning gear, ammunition hoist, ventilating apparatus, 
and all the secondary machinery. Unlike the old type of mon- 
itors, the Arkansas will have staterooms above deck for the 
officers and crew. 

Nevada.—The monitor Nevada was successfully launched 
from the yards of the Bath Iron Works, Bath, Me., on November 
24, in the presence of a large crowd of spectators. Miss Annie 
Curtiss Boutelle, daughter of Congressman C. A. Boutelle, chris- 
tened the vessel. 

The official dimensions of the Mevada are: Length, 252 feet; 
extreme beam, 50 feet; draught, 12 feet 6 inches; displacement, 
3,234 tons. 

The batteries consist of two 12-inch guns, four 4-inch rapid-fire 
guns, three 6-pounders and four I-pounders. 

The turrets for the 12-inch rifles are of the balanced sort. 
Electricity will be utilized throughout in handling turret-turning 
gear, ammunition hoists and ventilating blowers. 

The contract speed for this monitor is 11.5 knots. The plan 
of hull of the craft resembles that of the Monterey. 

There will be two sets of engines of the vertical, inverted-cylin- 
der, direct acting, triple-expansion type, placed in one compart- 
ment. They are designed to develop a collective horsepower 
of 2,400 and in attaining this development the engine must 
be turned up to 200 revolutions per minute. Steam will be 
taken from water-tube boilers and will be carried fora full work- 
ing power at 250 pounds pressure tothe square inch. The four 
water-tube boilers provided for each ship will be placed in one 
fore-and-aft compartment, two boilers on each side, and will 
furnish a total heating surface of 8,800 square feet and at least 
200 square feet of grate surface. 
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The armor protection of the new craft will consist of an 11- 
inch belt on the hull, extending the full length of the vessel, and 
tapering at the top to 5 inches and at the bottom to three. The 
turret armor will be 10 inches thick, while the conning tower 
will have 7 inches of armor and the protective deck will be 14 
inches thick. 

Lawrence.—The U. S. torpedo-boat destroyer Lawrence was 
successfully launched at Weymouth, Mass., November 7, being 
christened by Miss Ruth Lawrence, of New York, a descendant 
of Capt. James Lawrence, U. S. N., who commanded the Chesa- 
peake in her action against the British vessel Shannon off Bos- 
ton on June I, 1813. 

The general dimensions of the Lawrence are: Length over all, 
246 feet 3 inches ; extreme beam, 22 feet 3 inches; depth of hull, 
16 feet 8 inches; greatest draught, 8 feet6inches. She will have 
a displacement when loaded of 470 tons, and an indicated horse- 
power of 8,400, at about 360 revolutions per minute of the 
engines. The hull is of steel construction, all parts of which, 
to a height of one foot above the water line, are galvanized. 
She was constructed by the Fore River Engine Company. The 
engines are twin-screw triple-expansion. 22 inches by 31 inches 
by (2) 34 inches by 20-inch stroke. The boilers are of the 
Express type, water-tubular, with 320 square feet of grate sur- 
face and 18,000 square feet of heating surface. 

Perry.—The torpedo-boat destroyer Perry was launched at 
the Union Iron Works, of San Francisco, Cal., on October 27. 
This is one of the sixteen destroyers ordered by the Government 
two years ago, and is the first to be launched on the Pacific coast. 
Her general dimensions are like those of the rest authorized, or 
water-line length, 245 feet ; extreme beam, 23 feet ; draught over 
top of her twin screws, 8 feet; speed, 30 knots ; coal carried, 
100 tons ; limit of cost, $295,000, with no bonus for excess speed. 
She will carry two 3-inch rapid-fire guns, five 6-pounder guns, 
and two 18-inch torpedo-tubes. 

Submarine Torpedo Boats.—Contract has been made for 
the construction of six Holland submarine boats, at a cost of 
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$170,000 each. The contract has been sublet as follows: To 
Union Iron Works, the Grampus and Pike ; to Lewis Nixon, the 
Adder, Moccasin, Porpoise and Shark. 

A further contract has been made with the Holland Co. to 
build one more boat to replace the Plunger. 

Dahlgren and Craven in Collision.—The torpedo-boat de- 
stroyers Dahlgren and Craven collided off Castle Hill, R. L., 
October 16, during a gale,and had a narrow escape from found- 
ering while en route to Portsmouth, N. H. The vessels left 
Newport in company, and when near Fort Adams the Dahlgren's 
engines were stopped for some reason, the Craven passing her. 
The Dahlgren, after getting under way, attempted to cross the 
bow of the Craven, and in doing so the Craven struck the Dahi- 
gren 25 feet abaft the stem, the impact twisting the Craven’s bow 
until it pointed toward the stern. As the Craven was making 
water rapidly, her crew prepared to leave the craft, believing it 
was sinking. In attempting to lower the boat one of her crew 
fell overboard, and he was in the water nearly half an hour and 
was nearly exhausted before being picked up by one of the 
boats from the Dahlgren. The Craven, with one engine going 
ahead and the other reversed, in order to overcome the twist in 
the bow of the boat, succeeded in reaching her slip at the torpedo 
station. The Dahigren, only slightly damaged, kept close to the 
Craven and attempted to make the slip next toher. A northerly 

‘gale was blowing at the time, and the Dah/gren plunged into 
the stern of the Craven, ripping away everything for ten feet. 
The Dahlgren made a second attempt to reach the slip, but again 
was blown out of her course, and a second time rammed the 
Craven. The Dahlgren made no further attempt to reach the 
slip, but cast her anchors with four fathoms of cable. They 
failed to hold, and the Dahdgren drifted through the harbor, 
running onto the mud flats at the south end. Lieut. William G. 
Miller was in charge of the Dahlgren and Lieut. Ford H. Brown 
of the Craven.—* Army and Navy Journal.” 

The Loss of the Converted Cruiser Yosemite.—Advices 
have been received from Guam that the island was visited by a 
terrific typhoon on November 13, which wrecked thousands of 
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houses, among them being the headquarters of Governor 
Schroeder. 

The towns of Indrajan and Terra Foro were swept away, and 
it is estimated that hundreds of the native population in various 
parts of the island met their death. The cocoanut crops were 
rendered absolutely worthless, and the vegetation of the island 
killed by salt water. The storm came up in the forenoon and 
swept across the island with amazing rapidity. 

The United States auxiliary cruiser Yosemite, which was 
arichored adjacent to the collier /ustin, dragged her anchor and 
was driven aground a hundred and fifty yards from the reef. 
Her bows were crushed in. A launch with a crew of five men 
had previously left the ship to endeavor to find a safe anchorage 
for the vessels, the indications being that the anchors would 
not hold where she was. The men were not seen after they left 
the ship, and it is practically certain that the heavy sea which 
the storm kicked up swamped the launch. The bodies of Cox- 
swain F. Swanson and Seaman George Anhel were recoverd 
after the typhoon subsided. The storm veered around after 
the Yosemite grounded, and she was driven off and carried on to 
the Somaye cliffs, where her rudder and propeller were broken. 

Boatswain Sweeney and twelve of the crew volunteered to 
take a life line ashore. A boat was lowered for this purpose, 
but it was immediately swamped by a big sea that swept over it. 
All its occupants were carried away from the boat, but they 
miraculously succeeded in reaching the land after an hour’s 
struggle with the waves. 

Meanwhile the atmosphere had become of inky blackness, and 
the Yosemite, which had again blown off the land, was drifting 
helplessly before the gale, which was blowing at the rate of 100 
miles an hour. All hope of saving the cruiser was abandoned, 
and the officers and crew prepared for the death they thought 
was surely staring them in the face. A majority of the boats 
had been either smashed or carried out of the davits, and those 
that were left could not accommodate half the crew, even had it 
been possible for them to live in the enormous seas that were by 
this time running. A sea-anchor had been put out, and this held 
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the Yosemite up into the teeth of the storm and prevented her 
from falling off into the trough of the sea. 

She rode to this anchor and drifted rapidly until 6 o'clock in 
the evening, when the weather cleared. The cruiser was then 
sixty miles north and forty miles west of Guam. She had la- 
bored so heavily that she had sprung a leak, and all hands, in- 
cluding her commander, Lieutenant Breif, and the chief engi- 
neer, worked heroically in trying to clear her of the water that 
was pouring into and rapidly filling the forward compartments. 
After the violence of the storm had subsided efforts were made 
to start the engines. They were finally got to work, and the 
Yosemite, with her damaged propeller, struggled landward at the 
rate of two knots an hour. The water kept gaining in the hold 
and the ship was gradually sinking. 

At 1.30 P. M., November 15, the /ustin, which had started in 
search of the Yosemite, picked her up and attempted to tow her 
back to Guam. Two hawsers were broken, and it was then de- 
cided that it was impossible to take her into port. The cruiser 
was then scuttled, after which she was abandoned, all hands go- 
ing aboard the Justin. The Yosemite sank bow first at 3 o’clock 
and the Justin stood away for Guam. 

The Yosemite was first commissioned April 13, 1898. She had 
been a station ship at the Island of Guam since the days of the 
Spanish war. She is a sixteen-knot converted cruiser of 6,179 
tons displacement, and is provided with a main battery of ten 
five-inch rapid-firing guns and a secondary battery of six six- 
pounders and two Colt rifles. She has a complement of 18 
officers ard 267 men. Her measurements are 389 feet 2 inches 
in length by 48 feet extreme breadth. She has a mean draught 
of 20 feet 1 inch. 

Just before the outbreak of the Spanish-American war the 
vessel was purchased by the Navy Department, fitted as an 
auxiliary cruiser, and rendered effective service as one of the 
patrol fleet, being manned in part by the Michigan naval militia. 

According to the naval register, the Yosemite was manned by 
18 officers and 267 men. 
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ENGLAND. 


New Ships.—The official list of the ships ordered to be 
commenced at once has been just published, and includes two 
battleships, six armored cruisers, two second-class cruisers, and 
a couple of sloops: 

Battleships: Queen, to be built at Devonport ; Prince of Wales, 
to be built at Chatham. 

Armored cruisers: Cornwall, to be built at Pembroke; Su/f- 
folk, to be built at Portsmouth. The four others have been 
given to private firms as follows: Berwick, to Beardmore & Co., 
Ltd.; Cumberland, to the London and Glasgow Shipbuilding 
Co.; Donegal, to the Fairfield Shipbuilding Co., Ltd.; Lancaster, 
to Armstrong, Mitchell & Co., Ltd. 

Second-class cruisers: Challenger, will be built at Chatham; 
Encounter, will be built at Devonport. 

Sloops: Odin and Merlin, will be built at Sheerness. 

The details of these ships have not yet been published, with 
the exception of the following general data of the Lancaster, 
which will be applicable to all of the armored cruisers : 


Rae Oe OU I tah chan raise darsicrieinddincacitnesaneviinetriemsetibeniactenerss 4633 
aN SeNOIIN, GOR nos s cuccsecesedcderoccdisarswerasesseosbeaes 440 
EE SRE TE DY OG POR eee A ARORA POP RSM 2 aE AI POET: Tl 66 

¢ DEANE, (OR... cccnecerocesecsescccccesverscsocssooecossosacccesespecebecsbecccessscetoscenese 244 
PI PIR ac docs aiakadcesvasieras sid vupeneebnrsapceandeapeqgeaidiaauehagense 9,800 
a ERSTE Es SI RRC ep A oe ean aN Ne ORE E LIS Re i ONO 23 
REET OD CSG ROC COR OM TN EC LeROS Sr oe Pe 22,000 
Length of trial (normal draught), hours..............scccsccccsoccseveccececesesoscess 8 

Engine Cylinders: 

Sei I Ok ed oh ne dh eeaienianianambuaaiemeions 37 
er I PL on 2 1, canpiwadenseessacenseatdeneoniieeihd 60 
Re A II, MRM rin ccsssspscnccesisiccsreainoccgeesenachoctetoseonen 69 
ran 081 sn Sndannbiaussaaiongibabinesenpeacousiaaandapaateinean 42 
EE I IE ae ee PTE TOILE Fae ee A RE 7 LEN, EE 3t 

EE Or INN cial 5 cicsace asin wannvoalashinssassonebaasnaasenatabensdeneiaiaareniien Belleville. 
Se I NING Bcc ccacnivnialeserisesnspvudeiiessonbpucbondontiobaiciosnicbte 800 
NED Oetsadctvanchietdevsaketbiete sobanncvicineenccchbeodenbasnbeskaevele 1,600 


Armament; Fourteen 6-inch Q. F., four in pairs in barbettes, 
and ten in casemates; ten 12-pounders; three 3-pounders; 2 


torpedo tubes (submerged); 8 machine guns. 
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Essex Class of Cruisers.—At present there is considerable 
interest in the construction of cruisers—four nations having 
under construction or in contemplation a type of vessel which 
may be regarded as of the same class. These are the Zssex 
class of the British navy, the Bayan class of the Russian navy, 
of which the Variag is one; the Prince Heinrich class of the 
German navy, and the three protected cruisers provided for in 
the last naval bill of Congress. The four armored cruisers of 
the Essex class—Essex, Kent, Bedford and Monmouth—although 
a great deal heavier than the Bayan and Prince Heinrich, are es- 
sentially of the same type. The principal particulars of the type 
are as follows: 


DEI, WORE soc ccacissccovesccsevissnventesssesiameoncteertagnenmncesiaeeigtnedens 9,800 
RI FIG sais scan cide sued ciicsccdeicontcactsvas tandeeneasemapeubethaswaebeceenenatceaeeeen 440 
TI ii iviiostciintshssstebcsscorccacsisabiicide Acadiana ulitieaiaaxbenie 66 
SRR RN GI ac ssi cnissnntasnssoeesthuiniovedbisienasiaabeindn inn cippidainibinaReadaie 244 


Armament—Fourteen 6-inch 45-caliber ; ten 12-pounders ; three 3-pounders, and 
an indefinite number of Maxims, probably eight. 
FORO  cbscisisicestccscsctsvnovssnsuesnssistoaseasusodastedate Two 18-inch submerged. 


The Zssex has the high forecastle common to all cruisers of 
the British navy nowadays, and her 12-pounder battery is amid- 
ships. The high forecastle is absolutely indispensable to a swift 
cruiser—otherwise they take in too much sea forward. The 6- 
inch guns are thus disposed: Two in a turret forward, two in a 
turret aft, six on the main deck amidships and four on the upper 
deck above the forward and after main-deck guns. All these 
pieces are in armored casements. Six 12-pounders are on the 
upper deck amidships, two under the forecastle forward, two on 
the main deck aft. This is the armament of the Zssex in the 
original design, though there are rumors about installing a 73- 
inch quick-firer. All fourteen 6-inch guns are protected. 

The armor of the Essex is thin and extensive. There isa belt 
about 250 feet long amidships of 4-inch Krupp cemented armor, 
and this belt extends right up tothe maindeck. It is continued 
to the bow at a thickness of 2 inches. Aft it is terminated by a 
5-inch bulkhead. Acurved protective deck runs throughout the 
length of the ship and reinforces the water-line protection. The 
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space above and below is filled, as usual, with coal bunkers. The 
casements are 4 inches thick ; the turrets, 5 inches; but for these 
nickel armor, not Krupp, is employed. It has less resisting 
power, but is more easily worked. These turrets have short-ar- 
mored bases of 5 inches thickness, with armored hoists going 
down the main deck. These turrets are distinctive and, so far, 
peculiar to the Essex class. To begin with, the guns in each can 
be trained together and fired as one piece or else used indepen- 
dently. These guns and their mountings are to be furnished 
by Vickers, Sons & Maxim, Ltd., who have brought out the 
design. There is a single hoist to a pair of guns worked by an 
electric motor. It serves with very great rapidity, and when in 
full working order, delivers every alternate charge to the port 
gun, which has a special small motor to catch it as it comes up 
the endless chain. This arrangement can be easily discon- 
nected—the hoist is then made to serve one gun only. 

The Zssex will have the usual rig for modern British cruisers, 
a search-light platform on each top, but no fighting tops for 
guns. There will be three funnels. The engines are designed 
to give 23 knots speed with 22,000 horsepower. The boilers 
will be Belleville of the latest pattern fitted with economizers. 
Comparing the Assex with the Bayan and Prince Heinrich as re- 
gards powers of offense and defense the following is found: 








Essex. Bayan. Prince Heinrich. 
Displacement .......00sceeeseeeeeseeseeeee! 9,800 7,800 8,868 
HOrsePOwerr......ssereessseeesee eee 22,000 17,000 15,000 
Speed (maximum), knots.. 23 21 20 

AiN ATMAMENE ooeeseeeeee ooo Nil. Two 8-inch. Two 9.4-inch. 
Secondary armament.. +| Fourteen 6-inch Eight 6-inch. Ten 6-inch. 
Tertiary armament (protected) esapee | Nil. Eight 3-inch. Nil. 
Tertiary armament (unprotected)..| Ten 3-inch Twelve 3-inch. Nil. 
Small pieces......sccccssersee serser ene ceeees | Three 3-pdrs. and | Seven 3-pounders. Ten 1-pdrs., four 
axims. Maxims. 

Submerged tubes .........cecesreesseseeees | Two. Two. Three, 
Above-water tubes ........ Nil. Three (2 protected :. One. 
Armor belt (amidship) eon 4-inch. 8-inch. 4-inch. 
Armor belt (bow).......... ae 2-inch. 4-inch. 3-inch. 
Lower-deck armor...sss sees ese «++ oe 4-inch. 3-inch. 4-inch. 
Protection to Main ArMAMENE......006| -eeeeseeeesneeee serene cone) 7-iN, ON Each turret; 6-inch. 


3-in. hoists to these. 


n> se to Thsicnsnsanted arma- | Four 6-in. in turrets 
MBER cccccocccces secveeccccceccoesorcoovcscccs| WIth SIN. armor. | 3-In. on 3 redoubts. | 6-in. on turrets and 
la 6-in.in casem’ts redoubt. 
with 4-in, armor. 
Protection to tertiary armament... Nil. 3-in.on eight of them Nil. 
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The Essex may, therefore, be regarded as first in speed and 
defense, with the Prince Heinrich first in offense. The Bayan 
is second in speed, though whether this advantage will be main- 
tained in actual service is questionable, as the Russians are not 
strong in their engineering department. The American contri- 
bution to the Bayan type, the Variag, is, however, the fastest 
cruiser afloat.—*“ Marine Review.” 

Spartiate.—The first-class protected cruiser of 11,100 tons 
displacement and 18,000 I.H.P. has begun a series of trials, the 
first of which terminated November gth. On this but ten of the 
Belleville boilers were used, developing 3,834 I.H.P. and secur- 
ing 12.3 knots speed with 70 revolutions of the engines per 
minute. The coal consumption was 1.83 pounds per I.H.P per 
hour. The next trial is to be 30 hours at four-fifths power, and 
finally an eight-hour full-power forced-draft test. 

Viper.—The successes which the Viper and Cobra have at- 
tained in being the fastest vessels afloat has led to criticisms be- 
ing passed as to their coal consumption and radius of action. 
This has led the Hon. C. A. Parsons to reply, and, describing 
the trials through which the Viper has already passed, he says: 

‘They have included a coal-consumption trial at the contract 
speed of 31 knots, the mean speed during the three hours being 
31.118 knots, and the coal consumption, as determined from the 
usual hull-resistance experiments, 2.38 pounds per I.H.P. per 
hour, the contract being not to exceed 2.5 pounds per I.H.P. per 
hour. The power required for this speed is about two-thirds of 
the maximum for which the engines and boilers were designed, 
the maximum being upwards of 12,300 I. H. P., which power 
has been realized on preliminary, but official, full-power con- 
tractors’ trials, the maximum mean speed then reached being 
36.858 knots. 

“The second official trial was a three hours’ coal-consumption 
trial with the air pressure limited to 3$ inches, and carrying the 
full weights as determined by the previous trial under the usual 
Admiralty conditions. A mean speed of 33.838 knots was main- 
tained with about four-fifths of the maximum power, the coal 
consumption being at the rate of 2.49 pounds per I.H.P. per hour. 
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“ The third official trial was the usual twelve hours’ coal-con- 
sumption trial at cruising speed. In recent years the stipulated 
speed on this trial has been increased from 13 knots to 15 knots 
(this is mentioned as the coal consumption of the Viper at 13 knots 
is only about two-thirds of that at 15 knots.) The ascertained 
coal consumption of the Viger on this trial was at the mean rate 
of 27 hundredweight per hour, It should be mentioned, how- 
ever, that the Codra, the second fastest ship afloat, with the same 
sized turbine engines and similar in every respect to the Viper, 
but loaded to service conditions and having a displacement of 
442 tons, or about 60 tons greater than the Viper, consumed on 
her official 15-knot trial only 24.58 hundredweight per hour. 
In her case the port engines only were used, the sta:board 
engines being dragged round by the propellers, and it is probable 
that the Viger, with her less displacement, would, when using one 
set of engines only, burn less coal than the Codra. As, how- 
ever, it would be instructive to ascertain this result definitively, 
it is probable that this test will be made at an early date.” 

As regards coal consumption, of which comparisons have been 
instituted between the Viper and a torpedo-boat destroyer, 
Albatross, of about the same displacement, Mr. Parsons points out: 

“In the case of the Viper all of the underwater fittings, such 
as rudder, the shafts and brackets, for carrying the propeller 
shafts, the propeller blades and bosses, and so forth, have all 
been designed to stand the highest speed of over 36 knots, and 
are of considerably larger and heavier scantlings than usual, and 
in consequence offer increased resistance to their passage through 
the water. So much for the shipbuilder’s point of view. ... 
If the Vipger's propellers (adds Mr. Parsons) had been designed. 
for a maximum speed of only 32 knots (the contract speed of 
the A/datross) they would undoubtedly have given superior 
results at about 31 knots.” 

In concluding his reply, Mr. Parsons adds: 

“In the specification of most Admiralties for torpedo boats 
and destroyers, the question of speed is placed in the fore part 
and enforced under heavy penalties, culminating with the option 
of complete rejection of the vessel should the deficit reach 
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more than two or three knots below that contracted for. The 
coal consumption is relatively placed in the background. This 
being so, the designers of the Viper may be pardoned if they 
have made every effort to attain the highest possible speed and 
have not given sufficient consideration to the question of obtain- 
ing the utmost economy of fuel of which turbines are capable; 
but in this, their first, destroyer they can at least claim to have 
beaten all records of speed by a long interval, and in their future 
ships they will be able to show by how much they can beat all 
records as to economy in coal.” 

Messrs. Thornycroft and Co., in commenting on the com- 
munication of Mr. Parsons, from which we have quoted, says : 

‘““When a comparison is made between the actual distance 
which one ton of coal will carry the A/éatross fitted with recipro- 
cating machinery and the distance which the same quantity of 
coal will carry the Viper, which is of the same displacement, 
but is fitted with turbine machinery of much greater maximum 
power, it is found that, while one ton takes the A/datross 22.6 
nautical miles, at a speed of 15 knots, it will only carry the Viper 
rather less than 12. Moreover, the space demanded by the 
machinery in the more highly-powered vessel leaves less room 
for bunkers, so that the radius of action of the A/datross at 
cruising speed is probably more than double that of the Viper.” 


FRANCE, 


Chateaurenault.—This new first-class cruiser has been con- 
tinuing her trials off Toulon successfully. With the engines 
developing 14,000 I.H.P., the engines made 112 revolutions, giv- 
ing a speed of 20.5 knots with a coal consumption of only 660 
grammes per H.P. per hour; with the engines developing 18,000 
I.H.P., and making 120 revolutions, she averaged for two hours 
22.6 knots; it is, therefore, considered certain that with the 
engines developing the full 23,000 I.H.P. her contract speed of 
23 knots will be exceeded. 

Hoche.—This first-class battleship has undergone fresh trials 
of speed at Brest, her first trials having proved unsatisfactory 
owing to insufficiency inthe steam supply. In the first trials the 
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engines developed 10,912-1.H.P., against 12,000 expected, and 
she attained a speed of 15.92 knots, with a consumption of coal 
which would have emptied her bunkers in a run of 803 miles at 
that rate of speed. In the new trials her engines developed 
sufficient power to give her a speed of 16 knots, the consump- 
tion of coal being smaller, so that her supply would last her for 
a distance of 1,292 miles at the 16-knot rate of speed. This is 
considered satisfactory. The chief effect of the transformation 
has been to decrease her draught. She used to be called a sub- 
marine battleship, but now she has more than 2 feet of freeboard. 

This has been effected by reducing her superstructure, her 
after military mast, and the total weight of her artillery. It is 
expected that she will join the Northern Squadron in October. 

The Loss of the Framee.—Vice-Admiral Fournier, com- 
manding the Mediterranean Fleet, has forwarded his report on 
the unfortunate sinking of the Framée (destroyer) by collision 
with the flag-ship Brennus, off Cape Trafalgar, on the night of 
11th August, while the fleet was steering for the Straits of 
Gibraltar, being at the time on passage from Royan to Toulon. 

The night was clear and calm, with a bright moon, the fleet 
proceeding in line ahead, the station of the /ramée being off the 
starboard beam of the flagship, in line with the after bridge. 
Suddenly, while a signal was being made to her shortly before 
midnight, the Framée was observed to be steering at full speed 
for the Brennus. Everything possible was done on board the 
latter ship to avert a collision by the officer of the watch, but 
without success, the /ramée striking the Brennus on the star- 
board bow and sinking almost immediately. 

The fleet stopped, and boats were lowered, but, notwithstand- 
ing the clearness of the night and smooth sea, only 14 of the 
crew of the Framée were saved. Her officers were all on deck 
at the time, but not one was rescued. A quartermaster of the 
Brennus, while the vessels were still in contact, held out his 
leather belt to Commander De Mauduit Du Plessix, ofthe Framée 
but that officer turned away, saying simply ‘Zout a ’heure,’ and 
almost immediately afterwards the Framée sank, and he went 
down with her. As no officers were saved, it is difficult to ac- 
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count satisfactorily for the disaster, but it is stated by one of the 
survivors that he heard the order “ 20° to port!’ given by Com- 
mander Du Plessix, and it is supposed that by some mistake the 
helm‘was put the wrong way, and that the mistake may be due 
to the system of communication for the transmission of orders, 
which is said to be defective. 

Launch.— The torpilleur-de-haute-mer Audacieux was 
launched on the 29th August at Nantes. She is of the same 
name and class as the torpedo boat which sank off the coast of 
Corsica in 1896 in consequence of a collision with the torpedo 
boat Chevalier. She is of the Cyclone type. Her dimensions 
are as follows: Length, 147 feet 8 inches; beam, 15 feet; 
draught, 8} feet; displacement, 150 tons; her engines are to 
develop 4,250 I.H.P., giving a speed of 30 knots; armament, 
two 1.85-inch guns and two torpedo tubes; radius of action, 
with 18 tons of coal, 1,800 miles at 10 knots, or 200 miles at 30 
knots.—“ Le Yacht and Le Temps.” 

Wreck of the Bouet Willaumez.—The torpilleur-de-haute- 
mer Bouet Willaumez belonging to the Défense-Mobile of Cher- 
bourg, while cruising off that port in foggy weather, struck on a 
rock near Bréhat and sank, the crew being saved by torpedo-boat 
No. 108, which was in company with her. She was used with 
other torpedo boats for training a special corps of petty officers, 
called torpedo-boat pilots, so that every torpedo boat in time of 
war may have a thoroughly competent pilot on board, fully ac- 
quainted with the numerous reefs and banks which surround the 
French coast. All attempts to refloat the boat have been given 
up as hopeless.—‘“ Journal Royal United Service Institution.” 


GERMANY. 


The Prinz Heinrich.—This triple-screw armored cruiser is 
completing for sea and is apparently intended as a standard type 
for German armored cruisers. Unlike the Fiirst Bismarck, she is 
not a merely weak battleship, but a cruiser pure and simple, 
built chiefly with an eye to cruiser work. Her principal dimen- 
sions, etc., are as follows: Displacement, 8,868 tons; length, 
394 feet; beam, 654 feet; draught ( mean ), 233 feet; armament, 








1108 SHIPS. 


two 9.4-inch ( 24 centimeter ); ten 6-inch (15 centimeter ); ten 
1-pounders ; four Maxims. Torpedo tubes: one bow, submerged ; 
two broadside, submerged ; one, stern, above water. 

The armor is distributed as follows: There is a complete 
water-line belt of Krupp armor 4 inches to 3 inches in thickness, 
reinforced by a protective deck 2} inches thick on the slopes. 
Above the belt there is a redoubt about 165 feet long, and of 
about the same thickness as the belt. Above this again is the 
main deck redoubt, 6 inches thick, in which six of the 6-inch 
guns are mounted. Both redoubts have 6-inch bulkheads, while 
screens will be placed between the guns inthe upper one. On 
top of the upper redoubts there will be four turrets, oval in 
shape, each 6 inches thick, and carrying a6-inch gun. Forward 
and aft are barbettes, each mounting a single 9.4-inch gun, and 
protected by stout shields. These barbettes will have a total 
height of about 9g feet, will be 6 inches thick, with armored 
hoists descending to the protective deck. The conning tower, 
which will have a thickness of 6 inches or more, will have 
an armored tube of communication. 

It will be noted that the Frizz Heinrich has little in common 
with the Fiirst Bismarck. The later has no protection to the 
lower deck, and has her armament a good deal more distributed. 
The Prinz Heinrich, on the other hand, is a direct adaptation of 
the French Brennus, and closely resembles that ship both in the 
disposition of armament and in the system of armoring. The 
high forcastle and the bow submerged tube are the only distinctly 
German features in the design, and there is nothing of the Fiirs¢ 
Bismarck about her save in general outline. 

Like all German ships, the Prinz Heinrich will have no wood 
used in her construction, unless the latest discovery, or supposed 
discovery, that woodless ships are very unsanitary, causes some 
departure from a well-established German custom. The esti- 
mated indicated horsepower is 15,000, which is expected to give 
a speed of 20 knots. There are three screws, and the deadwood 
aft is very much cut away, after the Z/swick model, in order to 
make the ship relatively handy. This, for a cruiser, she should 
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be, as she has a very fair proportion of beam to length. The 
boilers selected for her are of the Diirr type. 

It may be of some interest to compare the Prinz Heinrich of 
1900 with the Edgar class of 1890 and the Orlando of 1886, 
since the armaments in each case are practically identical, though 
the German g.4-inch gun is, of course, a far more powerful gun 
than the old 9g.2-inch in the other ships. This, however, is more 
an accident of date than anything else, and, in so far as the 
modern guns are all heavier, enforces rather than detracts from 
the point we wish to make—the difference between what was 
demanded then and now for a ship carrying a more or less stand- 
ard armament for a first-class cruiser in the way of protection 
and speed. 


—— Orlando. Edgar. Blake. P. Heinrich. 


i fee 1886 1890 1891 1890 
Displacement, tons .............. 5,700 7,700 9,000 8,868 
SI TE i scsnh statis sctenacamene 300 360 375 394 
es UU nccabssecccececs dosacese 56 60 65 654 
TOON TOR i Scckiceicesesee 26 26 274 24} (mean) 
Armor belt, inches.............+. 10 Nu. Nil. 4 
lower deck, inches, ... Nil. Nil. Nil. 4 
battery, Q. F., inches... Nil. 6in.on | 6 in. on 4 6 
4 guns. guns, 
big guns, inches......... 4hin.shields| 44 in. | 44in. shields 6 
shields, 
GECK, INCREB...0..cccceses 3 5 5 2} 
ERP: OB isk Svvtssishice 9,000 10,000 t9 20,000 15,000 
12,000 
Sg WEEE vic tcosecvestasiers eee) 18.5 t019  |19.5 to 20) 21.5 20 (est.) 


Actual sea-speeds at a push...| 15.5 or less 19.5 | SONG acd). semanees 


The Orlando, the only cruiser carrying belt armor except the 
Prinz Heinrich, has less than this ship, and is altogether smaller. 
She belongs to the era of “ paper” ships, and to this day, with 
her 10-inch “armor belt’”—all under the water-line, by the way 
—and heavy armament, is a grand ship for the makers of sta- 
tistics. The Frinz Heinrich could probably tackle three of her. 
The Edgar and Blake are more interesting comparisons. All 
the class are as good ships as ever were built for speed. Although 
now nearly ten years old, they are all excellent steamers, and in 
the recent maneuvers kept station at 19 knots without the least 
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difficulty. Ten years have seen far less advance in speed than 
people are pronetoimagine. It is exceedingly doubtful whether 
there is a warship in the world that would beat the Edgar class 
in a thirty hours’ race. Probably the Russian cruiser Variag, 
recently built at Cramp’s, Philadelphia, might. The advance of 
recent years has been in protection, and the problem to-day is to 
pile on armor without deteriorating the other cruiser essentials. 


ITALY. 


Three New Battleships, of 12,000 tons displacement and 
19,000 I.H.P., having a designed speed of 21 knots, will be begun 
early in 1901 at Spezia, Castellamare and Venice. 

Varese.—The armored cruiser Varese made her first natural- 
draft trial on October 20, when for six hours the average revolu- 
tions were 96 per minute, giving 9,200 I.H.P. and a speed of 18.3 
knots. The coal consumption was 2.07 pounds per I.H.P. per 
hour, which was considered very satisfactory. The Varese isa 
7,400-ton cruiser with full power of 13,500 I.H.P. and 20 knot 
speed. 

JAPAN. 

Mikasa.—Perhaps the most interesting feature in the design 
of the Mikasa, the Japanese battleship launched by Messrs. 
Vickers, Sons and Maxim, Limited, at Barrow-in-Furness, on 
Thursday, November 8, 1900, is in the distribution of her armor, 
several modifications in recent practice having been made in the 
design. In giving a brief description we, therefore, give first 
consideration to this. As in the two earlier Japanese battle- 
ships built in this country, the Asahi and Hatsuse, the water-line 
armor belt extends from end to end, instead of terminating at 
the ends of the citadel, and thereby leaving about 80 feet from 
the stern unprotected. The main belt has a width of 7 feet 9 
inches, of which 5 feet 3 inches is below the water-line. The 
main belt armor in the way of the citadel, for 156 feet in length, 
is 9 inches in thickness, beyond this at either end—to some dis- 
tance past the forward-and-aft 12-inch armored transverse bulk- 
heads—it is 7 inches in thickness, assisted by additional 13-inch 
nickel-steel plates placed on the slope of the protective deck, so 
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as to make the resistance equivalent to g-inch Krupp-Harveyed 
armor, for the whole length of the citadel and barbettes. From 
the ends of this 7-inch belt to the ends of the ship the armor is 
54 inches and 4 inches in thickness. A ’thwartship bulkhead of 
6-inch armor is fitted at the after extremity of the water-line belt 
to afford protection against raking shot. On the advice of the 
Vickers Company, the Japanese Government, with their charac- 
teristic progressive tendency, have introduced in the Mikasa a 
departure which must be of interest to all naval constructors, 
the effect being to increase the area of the armored broadside. 
Above the main armor, and extending for the whole length of the 
citadel, there is 6-inch armor up to the level of the upper deck, 
instead of to the main deck as in previous ships, so that the 
total width is 21 feet 6 inches for the length of the citadel, and 
7 feet g inches forward and abaft it. 

The two barbettes are 14 inches in thickness, reduced to 10 
inches where protected by 6-inch citadel armor ; while the guns, 
as shown on the elevation, are protected by armored shields. 
The conning tower is of 14-inch armor, the screens being 12- 
inch. The whole of the armor, it is almost needless to say, is 
constructed on the Krupp principle, and is of a nickel-steel alloy. 

The extension of the main belt to the upper, instead of to the 
main deck, as in preceding ships, dispenses with the necessity 
for casemates for the 6-inch guns on the main deck; but to 
insure the same measure of isolation for the ten 6-inch quick- 
firing guns placed on this deck as is obtained by the casemate 
system, bulkheads are placed between the guns, while an armored 
screen extends the whole length of the citadel behind the guns, 
as shown on the half plan of the main deck. These divisional 
bulkheads and the armored screen are of hardened steel— 
sufficient to insure that the splinters of any shell which may 
explode in one compartment will not affect either the gun or 
gunners in the adjoining compartment. The 6-inch guns on 
the upper deck, four in number, are within 6-inch casemates. 

The protective deck is of a minimum thickness of 2 inches, 
and extends over the full length of the ship; but is increased to 
3 inches on the sloping parts within the citadel, andto 44 inches 
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in thickness in the wake of the barbettes,as before mentioned. 
In addition to this, the upper deck within the citadel is made of 
1-inch plates. As usual, there is an ammunition passage under 
the protective deck with communication, through ammunition 
tubes, to the various gun positions; while coal bunkers are 
arranged above and below the protective deck from end to end 
of the citadel. There is thus an increased broadside protection 
to the citadel, as well as in the ends of the ship. 

The general dimensions of the Mikasa do not differ materially 
from those of the British battleships of recent type. The ships 
of the Majestic and Canopus class were 390 feet long, the Formid- 
able, 400 feet long, and the Duncan, 405 feet long—all between 
perpendiculars. The Mzkasa is 400 feet, the length over all 
being 432 feet. The breadth molded is 76 feet in the Mikasa, 
as compared with 75 feet 6 inches in the Duncan, and 75 feet in 
the Formidable and Majestic. The draught is 27 feet 2 inches, 
and at this the displacement will be about 15,200 tons. 

Like the two preceding ships for the Japanese navy built in 
this country—the Asahi and the Hatsuse—the Mikasa carries 
four 12-inch breechloading guns fitted in pairs in the two bar- 
bettes on the upper deck, and fourteen 6-inch quick-firers, four 
placed, as already indicated, within casemates situated on the 
upper deck at the corners of the citadel, the remaining ten 
6-inch guns being placed in the box batteries on the main deck. 
The plans given show the radii of the respective guns. The 
auxiliary armament of the ship consists of twenty 12-pounder 
quick-firing guns, four firing ahead and four astern, the re- 
mainder being on the broadsides; eight 3-pounder quick-firing 
guns and four 2$-pounder quick-firing guns. There are four 
submerged torpedo tubes, two in the forward part of the ship 
and two aft. 

In her electric and compressed-air equipment she embodies 
the best modern practice, the lighting installation including 900 
incandescent lamps, with masthead, bow, anchor and other 
special lights, and also six searchlights. The ship will be fitted 
as a flagship, accommodation being provided for an admiral and 
78 officers, the total complement being 935 all told. 
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The Mikasa is to have a speed of 18 knots under natural 
draft, and will have a coal capacity of 1,400 tons, to give her 
a radius of action of 9,000 sea miles at 10 knots speed. The 
engines are of the triple-expansion 3-cylinder type, the diameter 
of the cylinders being 31 inches, 50 inches, and 82 inches respec- 
tively, the stroke being 48 inches; and it is anticipated that the 
full power of 15,000 indicated horsepower will be developed 
with the engines running at 120 revolutions per minute, the 
steam pressure at the engines being 250 pounds, and at the 
boilers 300 pounds. Stephenson link motion is adopted for 
working the valves, which are of the piston type on the high- 
pressure and intermediate cylinders, and of the double-ported 
flat design on the low-pressure cylinders. The engines are 
designed to run the propellers inwards when going ahead, so 
that the starting platform is in the center of the ship, and here, as 
is now the universal practice, wrought-steel columns form the 
front supports of the cylinders, which are independent castings. 

The back supports of the cylinders are of the ordinary cast- 
iron A-framing, with ample slipper-guide surface. The con- 
densers are separate, and placed in the wings of the ship. The 
total cooling surface is 16,014 square feet. 

The bedplate is of cast steel. The working parts of the engine 
generally are of, forged steel, but the crank shaft is of nickel- 
steel, the three parts being interchangeable. Theexternal diam- 
eter is 16} inches, with an 8}-inch hole. The propeller shaft is 
of wrought steel 16} inches in diameter, with 84-inch hole, while 
the propellers have four blades, the diameter being 17 feet, and 
the mean pitch 18 feet. The four blades and the boss are of 
manganese bronze. 

The boilers are of the Belleville type, with economizers. 
There are 25 in all, of which 20 consist of eight elements of 
generating tubes and seven elements of economizer tubes ; while 
the remaining five boilers have seven elements of heating and 
six elements of economizer tubes. The total heating surface is 
37,452 square feet, and the grate area 1,276 square feet. The 
two funnels are 14 feet in diameter over the casings, the height 
from the firegrate being 91 feet. 
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There is the usual complete system of pumps, with blowing 
engines for the furnaces. The total weight of the machinery is 
1,355 tons. The machinery is practically completed, and ready 
to be placed on board the ship, which is to be completed for sea 
in May of next year. 

The launching ceremony, it may be added, was conducted by ' 
Baroness Hayashi, wife of Baron Hayashi, the Minister in this 
country for the Emperor of Japan —“ Engineering.” 


RUSSIA. 


Retvizan.—This battleship, built by the Wm. Cramp & Sons, 
for the Russian government, was launched at the Philadelphia 
ship yard, October 23, 1900. 

The Retvizan is 384 feet in length on the water line. Her 
breadth is 72 feet 24 inches, and the depth to main deck 43 feet 
10 inches. At 25 feet draught, her displacement in tons will be 
12,800, which is about the same as that of the new battleships 
Maine, Missouri and Ohio. The guaranteed speed is 18 knots. 
The main belt of armor along the sides of the Retvizan will be 8 
inches in thickness, treated by the Krupp process. Above the 
belt the armor will be 6 inches thick. On the protective deck 
the flat surfaces will be 2 inches thick, while the slopes will be 3 
inches in thickness. The motive power will be in two triple- 
expansion, vertical, direct-acting engines, placed in separate 
watertight compartments, and supplied with steam by twenty- 
four water-tube boilers of the Niclausse type, built in this coun- 
try. The pressure will be 256 pounds. The bunker capacity is 
2,000 tons. The Retvizan will carry two turrets, one placed at 
each end of the central superstructure, in which will be mounted 
four 12-inch breech-loading rifles. Included in the main battery 
also will be twelve 6-inch rapid-fire guns. The secondary bat- 
tery will consist of twenty 75-millimeter rapid-fire, twenty 47- 
millimeter rapid-fire, and six 37-millimeter rapid-fire guns. 
There will also be two under-water torpedo tubes as well as four 
above water. 

Accommodations for officers and crew will be ample and thor- 
oughly well arranged. On the Refvizan thirty-eight officers will 
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be stationed, as well as 700 men. The electric installation 
throughout the craft will be ample and complete, and a number 
of novelties in this particular department are being introduced. 
All wood work in the interior of the vessel will be rendered fire- 
proof by the electric fireproof process. As the modern warship 
depends so much upon electric power for the working of her in- 
terior mechanism, each new vessel shows some advantage over 
her predecessor in the same class. The Retvizan will be well 
supplied with electrical apparatus for almost every use except 
for propelling purposes. 

Bayan.—The imperial Russian cruiser Bayan, which was re- 
cently launched at La Seyne (as noted in the Journat of 
August last), is in some particulars what she claims to be—a 
new type of armored cruiser. She is novel in that many of her 
12-pounders are behind armor, and she is novel also in the class 
of armor she carries. The general dimensions and features of 
the Bayan are as follows: 

Displacement, 7,800 tons; length, 443 feet; beam, 55? feet; 
draught (mean), 22 feet. Guns (all quick-firers), two 8-inch; 
eight 6-inch, 45-calibers; twenty 3-inch, 12-pounders; seven 
3-pounders. Torpedo tubes: Two submerged; three above 
water. 

The guns are all Russian, from Obuchoff; the torpedo tubes 
in the case of those submerged will probably be the Elswick 
patent, which La Seyne has already supplied to some of its ships. 
The armoring is very extensive, and English influence is partic- 
ularly noticeable in it. Indeed, but for the amidships redoubt 
and the absence of double casements, the plan might at first sight 
pass for that of the British Essex class. There is nothing char- 
acteristically French about it, though it is fairly well in line with 
recent French construction and design. 

The armor is Krupp. The belt, which reaches from the bow 
to the base of the mainmast, varies from 8 inches to 4 inches in 
thickness and is not complete as in French design. It is asso- 
ciated with a curved protective deck, a form of protection essen- 
tially French. The deck is 2 inches thick on the slope. The 
belt is about 360 feet long. Above the water-line belt is a belt 

72 
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of thin armor protecting the lower deck. This is three inches 
thick and extends 335 feet from the extreme bow. It will just 
keep out shell from 6-inch guns, but not shot. This belt protects 
the lower deck and two of the three above-water torpedo tubes. 
The third tube, in the stern, is unprotected. This upper belt 
covers the lower deck and reaches to the main deck, upon which 
all the 6-inch guns are carried. On this main deck there are 
three separate redoubts, all three inches in thickness. The for- 
ward and after ones both contain a pair of 6-inch guns, one on 
either side. The central and large redoubt contains four 6-inch 
guns and also eight 3-inch 12-pounders, carried four each side. 
This is the novel feature. It is not clear what isolation will 
be given to these guns in the way of screens; probably, bearing 
in mind the size of the ship, it will not be very much. Above 
each 6-inch gun 12-pounders are carried behind shields. The 
remaining four are on the main deck—two well forward and two 
right aft. On the high forecastle, and aft on the top of the main 
deck, are the 8-inch guns in closed balanced turrets, 7 inches 
thick. The hoists of these are 3 inches thick. There is also a 
3-inch tube protecting the voice pipes from the conning tower, 
which is 63 inches thick and placed up rather high. 

All Russian ships carry plenty of search lights. The Bayan 
has one in the foretop, one carried low on the mainmast, one in 
the bow under the forecastle, one in the stern and one each side 
amidships, carried on top of the central battery. There will be 
four large funnels serving twenty-six Belleville boilers, fitted 
with economizers and placed in four groups. The stokeholds 
are eight in number, and each contains three boilers, except the 
aftermost pair, which contain four each. The engines are 
designed to work up to 17,000 I.H.P., with an estimated speed 
of 21 knots, which, according to contract, has to be maintained 
for twelve hours. The coal carried is 750 tons, but there is stow- 
age room for 1,100 tons, This—as with water-tube boilers the 
consumption for all purposes is approximately a ton a knot— 
gives the ship a full-speed radius of 1,300 miles. It will also 
work out about 3,000 miles at 18 knots. Theoretically, of 
course, the radius is larger, but theory generally omits an 
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important item of consumption—auxiliary purposes. The Bayan 
has twin screws. She isa cruiser, pure and simple, built with 
an eye to cruiser work. The modern cruiser must carry 
vertical armor if she is to survive a single action. This naval 
officers have long and always contended, though ship designers 
have taken some time to realize it. The quick-firer left no alterna- 
tive and it is probably folly nowadays to lay down any ship, no 
matter what her size, that is devoid of some sort of armor pro- 
tection of the vertical sort. Just as no one now dreams of 
building cruisers without protective decks, so, by-and-by, no one 
will dream of building them unarmored, no matter what their 
class, This is the general trend of naval opinion in all nations; 
and there will probably be no mean between the vertically- 
armored ship and the unarmored destroyer.—Exchange. 
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MERCHANT STEAMERS. 


Morro Castle.—The American steamship Morro Castle, built 
for the “ Ward Line” by the William Cramp & Sons’ S. and E, 
B. Co., Philadelphia, left on her first voyage, on November 10, 
1900, from New York to Havana, and reached her destination 
on November 13th, making the trip in three days and four hours, 
and breaking the record between these ports. 

This is one of the finest steamships built in this country for 
coasting service, and has been constructed under the Act of 
March 3, 1891, which provides for Government inspection and 
requires certain characteristics which will enable these ships to 
be readily converted into auxiliary cruisers in time of war. This 
vessel successfully passed the required inspection for vessels of 
the 16-knot class, and on her official trial, July 14th, 15th, made 
an average of 17.57 knots per hour. Since that time, and just 
prior to her entering regular service, further tests were made by 
a board of naval officers to ascertain the maximum speed which 
could be maintained at sea under ordinary conditions of wind 
and weather. The speed was noted from the revolutions of the 
engine, the screws standardized by preliminary runs over a 
measured course, and demonstrated the ability to maintain a 
speed of 17.74 knots. This average was held for 17 hours, when 
the ship returned to the Delaware River. 

The following is a general description of the vessel, with gen- 
eral data of tests: 

Length on load-water line, 400 feet ; breadth, molded, 50 feet ; 
depth, 36 feet 6 inches; gross registered tonnage, 6,004 tons ; 
net tonnage, 3,732 tons; displacement of load draught, 8,280 
tons; deep-load draught, 21 feet; light draught forward, 8 feet 
10 inches; light draught aft, 15 feet 7 inches; light draught 
mean, 12 feet 24 inches; capacity of bunkers, 915 tons. 

The hull is subdivided by six watertight compartments. In 
the construction of the hull only the best tested steel has been 
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used. The frames are of bulb angle steel, 7 inches by 3} inches 
by 20 pounds, carried up alternately to the hurricane and main 
decks from stern to within 60 feet of stem, forward of which all 
frames are carried to hurricane deck. The frame spacing is 24 
inches. The main, lower and orlop decks are completely of 
steel, while the hurricane and shade decks are of wood with 
steel stringers, tie plates and margin plates. The vessel has a 
double bottom for nearly her entire length, which not only 
affords additional protection in case of grounding, but can be 
utilized for carrying water ballast or a fresh water supply for the 
boilers. 

The capacities of the trimming and double-bottom tanks are 
as follows, when filled with salt water: Forward trimming tank, 
121 tons; after trimming tank, 165 tons; double-bottom com- 
partments, 746 tons ; total, 1,032 tons. 

The passenger accommodations are roomy and well ventilated 
and provide for 136 first-class, 60 second-class, and 44 steerage. 
The closets, lavatories, bathrooms, etc., for passengers and crew 
are very ample in number and splendidly arranged. 

The vessel is propelled by twin screws, driven by two vertical 
4-cylinder triple-expansion engines, making about 8,000 I.H.P., 
at 100 revolutions, with a working steam pressure of 170 pounds, 
The cranks are set at angles of go degrees. The cylinders are 
as follows: High-pressure cylinder, 32 inches ; intermediate- 
pressure, 52 inches ; two low pressure, each 60 inches; number 
of revolutions per minute, 100; condensers, cooling surface, 
6,000 square feet. 

The propellers are of the 3-bladed, solid type, of Parsons 
manganese-bronze, of the modified Griffith type. The diameter 
of each is 14 feet, with 22 feet 9 inch pitch. 

The main shafting is of mild steel, the propeller shafts being 
144 inches in diameter, intermediate shafts 13# inches, and 
thrust shafts, 13? inches. 

There are eight main boilers, of the single-ended, return-tubu- 
lar, cylindrical marine type, each 14 feet 23 inches in diameter 
by 10 feet 54 inches. There are three Morison corrugated 
furnaces in each boiler, the furnaces being 39 inches in diameter. 
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The working pressure is 170 pounds. The total grate surface 
is 442 square feet, and the total heating surface, 18,200 square 
feet. For forced draft there are four Sturtevant fans, each 66 
inches in diameter, width at periphery, 18 inches, and revolutions 
per minute, 480. The smoke pipes, two in number, are each 7 
feet 9 inches inside diameter. The donkey boiler is 10 feet long 
by 10 feet in diameter. 

The boilers are below the load-water line and therefore are 
well protected, and the upper ends of the cylinders, which are 
above the water line, are protected by coal. 

As an auxiliary cruiser in time of war the Morro Castle would 
prove an invaluable addition to our navy on account of her size, 
her speed and strength, for she is exceptionally well and strongly 
built. Special strengthening and foundations are provided to 
carry three 6-inch guns on the hurricane deck, and eight 6-inch 
guns on the main deck. The arrangements of the upper decks 
are such that an efficient secondary battery can be easily in- 
stalled. 


FuLL-PowER CONTINUED SEA SPEED TRIAL, OCTOBER 12 AND 13, 1900. 


Average total I.H.P. main engines without auxiliaries.,.......... 9,415 
Estimated H.P. with auxiliaries 


pelddeondabbebigededsiviousteeshoetuees 9,886 
Port. Starboard. 
NOI sar arkschctastin inpccnadieninbcapuniine dena ceihnsetcmisaadaasoced 106.1 105.9 
I icashadndhscisiues i cotecuieaigzvscahecndopsioonatecebesecee 172.4 172.4 
PUNE 5. iiuniUiitnippectonsatgurtddduicubuseteetvcasaucvoennsbonecs 62.3 61.1 
RE INO gicicickinduids cas cuidescinanapicadtiembinndvesnaiesibinaesioe 12.6 12.9 
TN iii atin ainda iah acid cits eine eannauaak ini 25.24 25.1 
Double strokes air pump, port cylinder... ...............cceceeseseeees 39-59 43-5 
SATDOREE CYMMUET ...cesccscevecessesdeccce SOOT 42.7 
Roemobaticns Chrcwaine POG sas ccisiceseccciccoscicccusnssescoccbeseces 131. 133.8 
SD I ieiiiasie ie stasvtcnbindvincseniesNeesshscsedenvens 68. 65.7 
INS ccna sickancimisiinabscesescleedasdiahiehebestensnnte 121. 131. 
ET sdimekuccutndcuxesdiniinebininayaakagieaechsteesasas 122, 
Piiat-ccbscrentedibatessin ive cosnoseetabocnccemsepecetbocacs 205. 
Grate surface in use, square feet........ccsecccecceossesecccescscveccccsses 442. 
H.P. per square foot grate surface, main engines.................00 21.28 
NT aicdudexasntaopcumalcoiios 22.35 
Heating surface in use, square feet........cccccocccccssscceccsccccece see 18,203 
per H.P. main engines, square feet ...... 1.93 
total, square feet...............008 1.84 
Average speed, knots per hour ...........cccccccsssvccsccscccccccescecees 17.74 


Duration of run 


ithideadnehatdstnivetiekednnpesey binbiesenetecesesthequraie 16 h. 56 m. 30 sec. 
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This run was, of course, held under forced draft, for which 
this machinery is particularly designed. The air pressure aver- 
aged in the ash pans from 1.4 to 2.3 inches of water. 

The temperatures of the base of the stacks averaged 378 
degrees. 

The consumption of coal at 10 knots speed is but 30 tons per 
day, giving a radius of action of over 7,000 miles. 

St. Paul.—The steamship Sz. Pau/ met with a serious acci- 
dent on October 31, while on her way from Southampton to 
New York. The starboard propeller shaft parted and the pro- 
peller was lost. Asthe ship was pitching heavily at the time, it 
is thought that the break was due to the racing of the engine. 
As a result of the break the engine was badly wrecked. Steam 
was shut off by a heroic member of the engine-room force be- 
fore injury was done to the hull of the vessel or the longitudinal 
bulkhead, and the ship proceeded to port with the remaining 
engine. 

The propeller shaft broke off about 9 feet inside the stern tube, 
and this sudden release of resistance caused such an acceleration 
of speed to the reciprocating parts of the engine as was beyond 
the strength of the cap bolts of the main bearings, together with 
the “cushioning,” to retard at the upper centers of the forward 
engines. Here the weights of moving parts were greatest, as 
the two H.P. cylinders are directly over the two great L.P. cyl- 
inders, in tandem fashion, working on the two forward cranks. 
The result was that instantly the cap bolts of the forward crank- 
shaft bearings stripped their lower threads, the crank shaft 
itself was raised some 4 inches from its bed, the H.P. and L.P. 
pistons striking their upper cylinder heads, broke these four 
heads completely off, throwing the lighter H.P. covers over into 
the upper grating, smashing one crosshead slipper, bending the 
after L.P. piston rod and cracking the L.P. bed-plate castings 
themselves beyond repair. The raising of the forward end of 
the crank shaft “ drew” the crank pin of the second L.P. crank 
shaft perceptibly in its eye in the crank, and probably bent the 
shaft, also. 

The after main bearings did not appear to suffer and the tun- 
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nel shaft and thrust bearings were intact. The marvel was to 
find such a complete wrecking of the forward cylinders without 
any fatality attending the causualty, and without actually imper- 
iling the ship more seriously. 

Runic.—The White Star steamship Rumic was launched at 
Belfast on October 25. This vessel is 565 feet long, 64 feet beam 
and 12,400 tons gross tonnage. She has twin screws and is gen- 
erally similar to the Afric, Medic and Persic, of the same line. 
In this ship the dining room, seating 400 passengers, and the 
writing and reading rooms are all on the upper deck. The 
Runic can carry 100,000 carcasses of mutton in refrigerated com- 
partments, and 20,000 bales of wool. She is intended for the 
South African and Australian service. 

Ernest Woermann.—Messrs. J. Dunlop & Co., Glasgow, 
launched, on August 14th, the Arvest Woermann, the first of two 
large passenger and cargo steamers building for the Woermann 
Line of Hamburg. The principal dimensions are: Length, 540 
feet; breadth molded, 44 feet ; depth molded to main deck, 29 
feet 6 in. A full poop extends 230 feet from aft, and there is a 
topgallant forecastle, 44 feet long. The other erections consist 
of a promenade deck aft for second-class passengers, poop deck 
60 feet long, and a similar promenade deck for first-class passen- 
gers, carried from fore part of long fall poop for a distance of 
114 feet, whilst over this again is carried a boat deck also 114 
feet, on the fore end of which is situated the captain’s room and 
chart room, with a navigating bridge over same and extending 
to ship’s side at a total height of 62 feet from keel. The erec- 
tions above the line of poop and forecastle decks are all open at 
sides, having efficient and strong supporting and protecting 
stanchions and rails as necessary in such vessels. The propel- 
ling machinery consists of one set of triple-expansion engines, 
the diameter of the cylinders being 24 inches, 38 inches and 65 
inches, with 42-inch stroke. Steam is supplied by natural 
draft by three large single-ended Scotch boilers working at a 
pressure of 180 pounds to the square inch. 

Noranmore.—The turret steamer Voranmore arrived at Balti- 
more on October 26, from Liverpool. This is the largest turret 








MERCHANT STEAMERS. 1123 


steamship afloat and belongs to the Johnston Line. The Noran- 
more is built of steel and is 420 feet long, 50 feet beam, and car- 
ries a cargo of 9,000 tons. She has triple-expansion engines of 
274, 454 and 75 inches diameter of cylinders. When loaded she 
has a free board of only 16} inches, with a bridge 35 feet above 
the water surface. She is a modification of the American whale 
back built by W. Doxford & Son, of Sunderland, and possesses 
the merit of carrying a cargo of 9,000 tons on a registered ton- 
nage of 3,650 tons, and 5,600 tons gross. She is said to be a 
good sea boat and dry. 

Hardinge.—The Fairfield Shipbuilding and Engineering Co., 
Limited, launched on August 11th the Royal Indian Marine 
steamer Hardinge, built to the order of the Secretary of State 
for India in Council, for the service of the Government of India. 
The principal dimensions are: Length, 423 feet 6 inches ; breadth, 
51 feet; depth, 31 feet; gross tonnage, 5,600 tons; boiler pres- 
sure, 180 pounds, and speed, fully loaded, 18 knots. The pro- 
pelling machinery consists of two sets of triple-expansion surface- 
condensing engines. The cylinders are 29 inches, 46 inches 
and 72 inches in diameter, with 4 feet stroke. The boilers for 
generating the steam for the engines are five in number, of the 
ordinary multitubular marine type, and arranged to work with 
forced draft. Each of the double-ended boilers has six furnaces, 
and the single-ended three, making a total of 27 furnaces, the 
products of combustion being led into two funnels. All the 
work has been done under the supervision of Sir E. J. Reed, 
K. C. B., naval architect and engineer to the India Office, with 
Mr. F. F. Hill as resident overseer. 

Pennsylvania.—An unusually interesting vessel, the Pennsyl- 
vania, was recently put into service on the waters of Chesapeake 
Bay in what is generally known as the Cape Charles Route. 

The new steamer is a handsome, shipshape vessel, with the 
usual American steamboat superstructure, two well proportioned 
funnels and a pleasing amount of sheer. Her chief point of pecu- 
liarity, or difference from other vessels engaged in similar service, 
is that she has a modified torpedo-boat or knuckle stern. The 
stern of the Pennsylvania differs from the regular torpedo-boat 
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stern in that it has practically two sterns divided at the knuckle, 
in the same style as the English channel steamer Zamise, of 1,000 
tons. 

The Pennsylvania was designed by Naval Architects Gardner 
& Cox, of New York, and built at the Roach yard, Chester, Pa. 
Her principal dimensions are: Length over all, 260 feet; be- 
tween perpendiculars, 247 feet; beam molded, 37 feet 8 inches; 
beam over guards, 40 feet 9 inches; depth molded at center, 15 
feet; depth molded at side, 14 feet; depth of hold, 13 feet; 
draught, 9 feet 6 inches; displacement, about 1,100 tons. 

Boats carried include four 24-foot metallic life boats, and there 
is the usual supply of life rafts and life preservers. On each side 
of the vessel there are three large freight ports about 8 feet 
square, between the main and saloon decks, and the passengers’ 
gangways are located opposite the main lobby on the main 
deck. 

Propelling engines of the Pennsylvania driving the twin screws 
are of the vertical, four-cylinder, triple-expansion type, with cyl- 
inders 18 inches, 29 inches and (2) 33 inches diameter and 26- 
inch stroke. All the main valves are of the piston type, worked 
by Stephenson gear with double-bar links. The framing for 
each engine consists of six pairs of cast-steel columns, well stiff- 
ened by diagonal ties. Cast-iron is used for the bed plates, 
which are carried by wrought-steel keelson plates forming the 
foundation. Each crank shaft is in two sections, and all shaft- 
ing, piston and connecting rods and working parts of the valve 
gear are of forged steel. Each engine was designed to indicate 
1,500 I.H.P. at 180 revolutions, with 200 pounds steam pressure. 

Special interest attaches to the boiler equipment of the Penn- 
sylvania, as we believe this is the largest installation of water- 
tube boilers of the “ small tube” variety in a passenger vessel in 
American waters. There are six water-tube boilers of the A/my 
type, built to work under forced draft at a pressure of 225 pounds 
per square inch. They are fitted forward of the engines in two 
sets of three abreast, and fronting on a common athwartships 
fireroom. Each boiler occupies a space about eight feet square, 
and the fire room is twelve feet long in a fore-and-aft direction 
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and 25 feet wide. Each group of boilers is connected to its own 
stack. 

The total grate surface is 363 square feet, and the total heat- 
ing surface 10,960 square feet. The weight of the water-tube 
boilers, filled with water tothe steam level and including all fur- 
nishings except the breechings and smokestacks, is 76}$ gross 
tons. 

All auxiliaries are independent. There are two independent 
surface condensers, each with a centrifugal circulating pump, 
two vertical beam air pumps, two vertical duplex feed pumps, 
and also the usual ballast, bilge and sanitary pumps. Steam- 
steering engine is also fitted, and forward there are two steam 
lifts on the main deck for hoisting freight in and out of the hold, 
and there is also the usual equipment of steam capstan and 
windlass. A very complete electric-lighting plant also forms 
part of the equipment. 

The Pennsylvania was designed to meet the contract condi- 
tions which stipulated that she should be capable of steaming at 
the rate of 20 statute miles per houron a draught of 9 feet 6 inches 
when carrying 300tons of freight, besides the coal, water, stores, 
and passengers. 

Deutschland.—The following more complete description of 
the Hamburg-American Line twin-screw steamer Deutschland is 
taken from the “ Marine Review” and materially augments the 
data previously published by the JourNAL on this vessel. The 
principal dimensions are: Length, 662 feet 9 inches; length 
over all, 686 feet 6 inches ; breadth, 67 feet, and depth molded, 44 
feet. The net registered tonnage is 16,000, and the load displace- 
ment about 23,000tons. The vessel’s rig is of the lightest descrip- 
tion, there being only two pole masts. The rudder is totally 
submerged and the propellers are carried close in and well under 
the hull,an aperture being provided as in single-screw propelled 
vessels. Spare steering gear is fitted below the water line. The 
launching weight of the hull exceeded 9,200 tons. There are 
four funnels. 

The botlers—twelve double and four single-ended—having 
altogether 112 furnaces, being placed in four water-tight com- 
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partments, a fifth and central compartment being devoted to a 
large cross coal bunker, so causing the greater space between 
the second and third funnel. The double-ended boilers are 20 
feet 4 inches long, 16 feet in diameter, each of the four furnaces 
at each end of the boiler, which are Morison’s patent, being 3 
feet 6 inches in diameter. The total grate surface of the boilers 
is 2,200 square feet, and the total heating surface, 84,250 
square feet. Howden’s system of forced draft is adopted, the 
tubes, which are 3 inches diameter, being fitted with retard- 
ers. Four of the ballast tanks under the boilers are set apart for 
carrying about 300 tons of fresh water for feeding the boilers. 
There are two Blake simplex pumps capable of pumping from 
the sea, the bilges and the double bottoms, and discharing over- 
board or into the fire mains. Each of the four boiler sections 
contains one Blake vertical duplex feed pump, size 12 inches by 
8% inches by 12 inches, capable of feeding the boilers of that 
section. The pumps have connections which enable them to 
draw water from the sea, fresh-water tank, from the boilers and 
from the bilges, and discharge overboard or into the boilers. 
Water to the sanitary system, is supplied by two Blake vertical, 
simplex pumps, size twelve inches by 12 inches by 16 inches, and 
also by two pumps directly connected to the main engines. 

The engines are of the six-cylinder, four-crank, quadruple- 
expansion type. The cylinders have a common stroke of 1,850 
mm. (72.8 inches), and the diameters of the cylinders are as fol- 
lows: Two high-pressure cylinders, 930 mm. (30.6 inches) ; first 
intermediate-pressure cylinder, 1,870 mm. (73.6 inches); second 
intermediate-pressure cylinder, 2,640 mm. (103.9 inches); two 
low-pressure cylinders, 2,700 mm. (106.3 inches). The two low- 
pressure cylinders are in the center, with the two high-pressure 
cylinders over them, and at the forward end is the first inter- 
mediate and at the after end the second intermediate. The two 
first cranks, set opposite each other, have thus the intermediate 
in the one case, and a high-pressure and low-pressure cylinder 
in the other, and the after pair of cranks, a high-pressure and 
low-pressure in the one case, and the intermediate on the other 
crank. The cylinders are placed close together, the valves. 
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being on the outside, and there is a separate valve gear for each 
cylinder, i.e., six sets for the six cylinders of each engine. The 
end cylinders have their valve boxes on the outside, and, owing 
to the great diameter, there are two spindles. The crank shaft 
is of nickel-steel and is hollow, the outside diameter being 25.2 
inches. The propeller shafts are also of nickel-steel, while the 
intermediate shafting is of Siemens-Martin steel. The thrust 
shafts are the same diameter as the crank shafts, and are placed 
immediately abaft the engines, each having twelve thrust collars. 
The thrust blocks are of the ordinary horseshoe pattern with 
white metal facings. 

The engine frames are steel castings, sixteen in number for 
each engine, each frame receiving the horizontal thrust of a 
guide shoe from the crossheads. There are sixteen guide 
shoes, all of the same size, for each engine, lined with white 
metal, four to each crosshead, two for going ahead and two for 
going astern. The intermediate pistons are fitted with tail rods. 
The high-pressure pistons are fitted with Ramsbottom rings, the 
intermediate with Buckley’s rings and the low pressure with 
Peck’s patented rings. The valves are worked by ordinary 
Stephenson double-bar links. The high-pressure valves obtain 
their motion from a rocker shaft which is placed upon the low- 
pressure cylinder covers. One end of the rocker arm is attached, 
by means of links, to the valve rods, and the other end to a link 
rod passing between the intermediate and low-pressure cylinders, 
and is attached to the valve gear below. The high-pressure cyl- 
inders each have one piston valve, and the intermediate pressure 
cylinders each two piston valves. Each low-pressure cylinder 
has a flat slide valve, operated by two valve rods connected to a 
yoke. All the valves, except those of high-pressure cylinders, 
are fitted with balance pistons. The rock shafts are placed on 
the outboard side of the engines, and are controlled by Brown’s 
combination steam and hydraulic reversing engines, hand gear 
being also fitted. Each engine room contains an independent 
cylindrical condenser. The tubes are #-inch diameter, the cool- 
ing surface for each condenser being 21,315 square feet. There 
are two independent Blake air pumps of the vertical “twin” 
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type, double-acting in the steam ends, and with single-acting 
water ends. The steam cylinders are 18-inch diameter, water 
ends, 44-inch diameter, with a common stroke of 24 inches. 

Cooling water to the surface condensers is supplied by two 
centrifugal pumps, both driven jointly by one compound engine. 
These pumps can also draw from the bilges. The discharge of 
the circulating water from the condenser is under the water line. 
Two double, Weir feed pumps are fitted in each engine room, 
having steam cylinders 12-inch diameter, and water cylinders 
8-inch diameter and 12-inch stroke. The inboard feed pumps 
draw from the hot well and deliver the water into a Weir feed- 
water heater. The outboard pumps take the water from the 
heater and, delivering the water through a Claussen oil-extractor, 
pump into the boiler-feed line. Besides these connections the 
feed pumps can also draw from the fresh-water tanks and pump 
directly into the boilers or overboard. The steam used for heat- 
ing the feed water is taken from the second-intermediate receiver 
and the auxiliary exhaust. 

Morison’s radial-type evaporators, capable of delivering about 
23,770 gallons per diem, is fitted, as well as an auxiliary con- 
denser for use in port. There are two four-bladed propellers, 
each 23 feet diameter, the pitch being adjustable from 33 feet to 36 
feet. The total power of main engines at 78 revolutions a min- 
ute, about the normal full speed, is 36,000 I.H.P., although on 
the maiden trip 36,600 I.H.P. was recorded. The owners only 
expected 35,000 I.H.P., with an average speed of 23 knots. The 
vessel has thus come up to, and even exceeded their anticipations, 
as on the second eastward passage the average speed was 23.36 
knots, and on the first passage eastward, 23 knots. Being a 
twin-screw steamship, a central longitudinal bulkhead has been 
adopted, so facilitating the sub-division of the hull as to make 
the vessel, we understand, practically unsinkable, it being divided 
into seventeen watertight compartments, besides the double'bot- 
tom, which is sub-divided into twenty-four tanks. The bulk- 
heads have been constructed in accordance with the regulations 
of the Germanischer Lloyd and the German Government, and are 
considered to be sufficiently strong to resist the greatest pressure 
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of water they could be subjected to. Not only has the safety of 
the vessel been considered in the design, but also the comfort of 
the passengers, for which purpose, amongst other arrangements, 
bilge keels have been fitted. 

The vessel has accommodation for 467 first-cabin, 300 second- 
cabin, and 300 third-class passengers. There is provided for the 
first-cabin passengers, in addition to the large dining saloon, 
ladies’ parlor, and smoking room, a play room for children, and 
a gymnasium and a grill room on the boat deck. The total 
length of the promenade deck for saloon passengers exceeds 
550 feet, and, in addition, the boat deck is at their disposal for 
promenading. The second-cabin accommodations are located 
aft on the promenade, upper, main and lower decks. 

Great attention has been paid to the sanitary arrangements, 
the bath rooms being thirty-three in number, of which sixteen 
are first-class, six for the suites, six second class, one for the 
captain, two for the engineers, and two for the hospitals. The 
electric-lighting plant consists of five direct-connected dynamos, 
of which three are of 700 ampéres and 110 volts. The two-wire 
system is used. There are about 2,000 lamps in the circuit. 
The refrigerating machinery is placed between the two propeller 
shafts, and consists of carbonic-acid gas machines. The number 
of life boats is twenty-six, of which eighteen are metal life boats 
of the Francis’ patent, two are wooden, and six are of the collap- 
sible type. The vessel, besides having the ordinary mechanical 
telegraphic connections, is fitted with a complete system of tele- 
phonic connections, thus enabling the officers on the bridge to 
be in verbal communication with the engine-room force and the 
steering-engine-room crew. 

The Deutschland, as well as the rival steamer of the Nord- 
deutscher Lloyd, Kaiser Wilhelm der Grosse, which she has sup- 
planted, was built by the Stettiner Mischinenbau Actien Gesell- 
schaft “Vulcan,” of Stettin, who have on hand another new 
steamer, to be named the Kazser Wilhelm II, to excel the per- 
formances of the Deutschland, as well as a steamer to equal the 
Kaiser Wilhelm der Grosse, to be called the Kronprinz Friedrich 
Wilhelm. 
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Victoria and Albert.—The new royal yacht, Victoria and 
Albert, has now completed her steam trials (August 9 to 26, 
1900), and the official results are given in the appended table, 
which shows that in all respects the expectations have been 
more than realized. The yacht was designed by Sir William H. 
White, K. C. B.,the director of naval construction, and was built 
at the Pembroke dockyard. She is 380 feet long by 50 feet 
beam, and her displacement is 4,700 tons, with 350 tons of coal 
in the bunkers. Great importance is attached to her stability, 
and the stormy weather experienced afforded opportunity of 
testing it, and on all occasions with satisfactory results. 

The engines are twin-screw, four-cylinder,triple-expansion type. 
The high-pressure cylinder is 264 inches in diameter, the inter- 
mediate, 444 inches, and two low-pressure cylinders, 53 inches, 
with a stroke of 3 feet 3 inches. The boilers are of the Belleville 
type, with economizers, and have 26,000 square feet of heating 
surface and 840: square feet of grate area. The stokeholds are 
artificially ventilated, there being no cowls. The machinery, it 
may be added, was designed and constructed under the special 
direction of Sir John Durston, K.C.B., Engineer-in-Chief of the 
Navy. 


ResuLts OF CONTRACT STEAM TRIALS OF THE NEW ROYAL YACHT 
VICTORIA AND ALBERT. 














48 hours | 46 hours | 48 hours 8 hours 
iene | at 5,000 | at 7,500 | at 7,500 at full 
LAP. | LaLe. 1.H.P. power. 
Draught of water, forward........... | 18 ft. 2 in. | 18 ft. 2} in.| 18 ft.2} in. | 18 ft. 2 in. 
Draught of water, alt............s00+ | 20 ft. 1 in. | 20 ft. oin. |19 ft.114in | 20 ft. 1 in, 
Steam pressure, pounds ..........00+. | 254 | 268 | 272 306 
Vacuum, inches.............cceeecereee | 269 | 260 | 25.25 25.25 
IG ker crncnctateedstesoreoennses | 09 | 128.4 | 128.4 147.4 
Indicated horsepower............000, 5,142 | 7,625 7,649 11,298 
Speed over long course, knots......) 16.32 | 18.33 | 18.47 20.53 
Coal consumption, pounds........... ro4* | 3.04% | 1.87 —— 
Dates, August 1900...........+.ss0000, 9 tO IE | 16to 18 | 23 to 25 29 








* For 40 hours, 
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The steam trials set by contract consisted of four runs, the 
first of 48 hours’ duration, the next two, each of 48 hours’ dura 
tion, at 7,500 indicated horsepower, and the fourth, of eight 
hours, at full power. The results of all four are tabulated above. 

Any doubts entertained as to stability have been entirely 
dissipated by the behavior of the yacht in two gales, when her 
speed did not fall off to an appreciable degree, while in a moderate 
breeze she was perfectly steady. Whether she has had to steam 
through a heavy sea or through smooth water, the bow wave 
has been clean and regular, with a fine run from the stem to the 
midship section, and no volumes of water of weight have been 
thrown off from any part. Nor has there been any churning or 
thumping under the quarter, whether the ship has been traveling 
at her highest speed or running through a gale. Each trial 
also disclosed an absence of vibration over the propellers, while 
the tests that were made in the worst weather she encountered 
showed that the angle of heel in rolling did not exceed 8 degrees 
or 10 degrees. The hull and engines have thus answered all 
the requirements of the designers.—“* Engineering.” 

Lysistrata.—The large, full-powered, sea-going steam yacht 
Lysistrata, for James Gordon Bennett, owner of the “ New York 
Herald,” was launched from the Denny yard, at Dumbarton, on 
August 28. This vessel is of the following dimensions: Length 
on water line, 285 feet; length over all, 314.5 feet; breadth, 
extreme, 39.9 feet; Thames tonnage, 2,082. She has a straight 
stem and long stern, and there is a full poop aft, a long shade 
deck amidships, and a short turtle back forward. Unlike other 
large yachts, she has only one mast, which is placed aft of the 
funnel, and has a short yard for signaling purposes only. 

The machinery of the yacht consists of two sets of four-crank 
triple-expansion engines, and four single-ended boilers of the 
cylindrical multi-tubular type, with a donkey boiler of the same 
type. She has ample coal bunkers, and it is intended she should 
attain a high speed. She will be lit throughout with electric 
light —‘“‘ Marine Engineering.” 

73 
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BOOK REVIEWS. 


Tue Moniror AND THE Navy UNDER STEAM, BY FRANK M. 
BENNETT, LiguTENANT, U. S. Navy.—Lieutenant Bennett has 
furnished the publishers of the above volume fitting material for 
an example of elegant book work, and the publishers have done 
their part in presenting this story of the advance of steam in the 
marine world, and particularly in the navy, in a form as pleasing 
to the eye as the story itself is to the mind. 

The author’s style is particularly felicitous, and the reader is 
carried forward through the history of the marine steam engine 
without an abatement of interest by a single dull page. 

Preceding’ the account of the production of the Monitor and 
Merrimac (both of which events are given with extended detail 
and careful illustrations), a comprehensive resumé of the signs 
and advance of earlier steam machinery, form a most valuable 
chapter, while the effect produced by the success of this new 
type of war ship is the keynote of the balance of the book, and 
includes the evolution of the battleship of to-day, with historical 
accounts of the important naval incidents down to the end of 
the recent Spanish war. 

The publishers are Houghton, Mifflin & Co., Boston, Mass. 


THe Fricate Constitution.—Ira N. Hollis, formerly a con- 
spicuously brilliant member of the Engineer Corps of the U. S. 
Navy, and now at the head of the Engineering School at 
Harvard University, has told the story of the central figure in 
our conceptions of what the Navy was a hundred years ago, 
the story of the frigate Constitution, in a manner and with a 
completeness that can not fail to deeply interest the reader. 

With the disappearance of the sailing ship, naval romance 
vanished, giving place to an unpoetic, though more continuously 
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energetic, mechanical phase of sea life and warfare. Yet few 
naval men can look at the picture of the old Constitution or read 
the history of her prowess, without feeling at once admiration 
for the beauty and grace of a full-rigged sailing ship and a regret 
that the days of harnessing the winds of heaven have departed. 

Neither can one read of the deeds of those heroes who guided 
the old frigate through the period of her momentous and thrilling 
prime, without experiencing enthusiastic pride in their per- 
formances and the strongest desire to have that monument of 
American naval prestige perpetuated by rebuilding the ship, and 
preserving her original characteristics as an historical illustration 
that can not fail to ever awaken patriotic emotions. 

The publisher has spared no pains to make the book attract- 
ive. It is profusely illustrated, and the typography is most 
excellent. 

The publishers are Houghton, Mifflin & Co., Boston, Mass. 


There are catalogs and catalogs, and frequently the display and 
press work are samples of high art, and the detailed information 
contained at least pictorially valuable, even if the reader does 
not know the discount, and has never heard of 80 and 10 off. 

For many years the CaTALoG oF MANNING, MAXWELL AND 
Moore (85-7-9 Liberty street, New York), has held place at the 
top of the list of the great general machinery catalogs, and has 
been a book of reference at all our Yards and Stations, 

We have just received a new edition of this work, comprising, 
however, only metal and wood-making machine tools and their 
attachments. This separation of the machine tools proper from 
the general supplies of this firm is most wise and opportune, as 
it relieves the catalog from the feature of cumbersomeness and 
at the same time facilitates the work of selection. Even in these 
specialties the new book contains 700 pages of Imperial quarto 
size, and is handsomely illustrated and bound. 

For greater convenience in ordering goods, each article has a 
figure number, which may be used in telegraphic or written 
orders, instead of the tedious description of the article itself. 
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WESTINGHOUSE RaiLway Morors.—Our attention has been 
called to a phamplet just published by the Westinghouse Com- 
panies Publishing Department which very attractively displays 
the several styles of Railway Motors now made by the Westing- 
house Electric and Manufacturing Co. The use of half tone 
illustrations, direct reproductions from photographs of the 
details of the apparatus, not only acds greatly to the appearance 
of the phamphlet but renders the ready comprehension of the 
types shown far easier than would be possible from line drawings. 


‘ 
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ASSOCIATION NOTES. 


Naval Engineers will certainly congratulate the Westinghouse 
Electric and Mfg. Co., of Pittsburg, Pa., upon their fortune in 
securing the services of Mr. Asa M. Mattice as their Chief 
Engineer. We are informed that arrangements to this end have 
been concluded and that Mr. Mattice enters upon his new duties 
in December of this year. 

The Engineer Corps of the Navy never included in its list of 
members a more capable, energetic and brilliant officer and 
engineer expert than Asa M. Mattice, and his work in the Bureau 
of Steam Engineering prior to his- resignation in 1890, as assist- 
ant to Engineer-in-Chief Geo. W. Melville, was almost phenom- 
enal in amount as well as importance. 

After leaving the service Mr. Mattice was principal assistant 
to E. D. Leavitt of Cambridgeport, Mass., and for about ten 
years devoted himself to the designing of the large machinery 
with which the name of Leavitt has been so prominently con- 
nected. During the past year Mr. Mattice has been pursuing an 
independent line of work in remodelling the Cocheco Cotton 
Mills at Dover, N. H., and on completing this he accepted the 
offer made by the Westinghouse Electric and Mfg. Co., as noted 
above, and of which company his former Naval Academy class- 
mate B. H. Warren, U. S. Navy, is Vice President. 


A regular meeting of the Society was held at the Navy De- 
partment on October 2, 1900, for the purpose of nominating 
officers for the coming year. Nominations were made in writ- 
ing, and resulted as follows: 

For President: Commander Charles W. Rae, U. S. N., and 
Lieutenant-Commander F. H. Bailey, U. S. N. 
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For Secretary-Treasurer: Lieutenant B. C. Bryan, U. S. N., 
and Lieutenant-Commander A. B. Willits were nominated, but 
the latter declining, the nomination of Lieutenant Bryan was 
made unanimous. 

For Council (three to be selected): Commander C. W. Rae, 
Lieutenant Commanders Jas. H. Perry and W. R. Worthington, 
Lieutenants R. S. Griffin and C. E. Rommell. 

The vote will be secured by the usual voting slips, and will be 
counted at the regular meeting in January. 

The matter of award for prize essays was discussed, and it was 
decided not to continue hereafter the system of voting for first 
and second prize for contributions. Endeavor will be made to 
secure important manuscript from members in a more direct and 
certain way, and the award for second prize will be discontinued 
entirely. 





